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ABSTRACT 134 
 135 
Wetlands are capable of supporting diverse assemblages of plants and animals, and 136 
performing various ecosystem services (e.g., waterfowl production, flood mitigation).  137 
However, the capacity of a wetland to perform these functions is dependent upon its 138 
condition (i.e., ecosystem condition, integrity, or health).  Wetland condition is affected and 139 
reflected by internal (within-system) biophysical features, and interactions among these 140 
features.  To protect and effectively manage wetlands, it is essential that we identify reliable 141 
determinants and indicators of wetland condition.  As a result of the inherent complexity of 142 
wetland ecosystem interactions, this knowledge is difficult to obtain.  The objectives of this 143 
study were to measure biophysical features of prairie pothole wetlands in Iowa, identify 144 
determinants and indicators of wetland condition in the prairie pothole region (PPR) of Iowa, 145 
and develop a list of highly descriptive and cost effective variables useful for wetland 146 
condition management.  Specifically, relationships among basin morphometry, trophic state, 147 
salt concentration, fish and tiger salamander abundance, and abundance and taxonomic 148 
diversity of plants and invertebrates were examined in 34 semipermanent and permanent 149 
wetlands.  Correlation analysis, path analysis, and non-metric multidimensional scaling 150 
(nMDS) revealed variables that were key determinants and indicators of wetland condition, 151 
and provided insight into mechanisms by which wetland condition was affected.  Results 152 
indicated that fish had strong adverse effects on wetland condition through both direct and 153 
indirect mechanisms.  By increasing turbidity, fish indirectly reduced plant abundance, 154 
consequently reducing invertebrate densities and taxon richness.  Results also suggest that 155 
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fish reduced tiger salamander abundance primarily through direct mechanisms (e.g., 156 
predation).  Additionally, fish abundance increased as a function of wetland depth.  157 
Therefore, deeper wetlands were more eutrophic, had reduced tiger salamander abundance, 158 
reduced abundance and diversity of plants and invertebrates, and were generally in poorer 159 
condition than shallower ecosystems.  Management focused on eliminating fish is needed to 160 
improve wetland condition, and is necessary in part because watershed alterations have 161 
enabled increased fish abundance in PPR wetlands by increasing wetland depth.  Fish 162 
biomass, turbidity, plant cover, tiger salamander biomass, and invertebrate taxon richness 163 
appear to be reliable and effective indicators of wetland condition in the Iowa PPR, and 164 
should be routinely measured to monitor wetland condition.   165 
   166 
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INTRODUCTION 176 
 177 
Wetlands are a prominent landscape feature across much of North America, covering 178 
over 14.2 million hectares (Scott and Jones 1995).  The North American prairie pothole 179 
region (PPR) encompasses an area of approximately 900,000 km
2
, and is distributed across 180 
the provinces and states of Alberta, Saskatchewan, Manitoba, Montana, North and South 181 
Dakota, Minnesota, and Iowa (Dahl 2006).  The abundant depressional wetlands in the PPR 182 
originated primarily as a result of the Wisconsin glaciation.  As the glacier receded during the 183 
Holocene epoch around 10,000 years ago, glacial till and ice blocks were unevenly deposited 184 
across the landscape creating shallow, isolated depressions (Kantrud et al. 1989).  Eventually, 185 
these depressions filled with water from groundwater and precipitation to create the 186 
permanent and temporary wetlands found across the PPR.  Falling along a broad continuum 187 
of depth, size, and groundwater and atmospheric hydrologic characteristics, pothole wetlands 188 
differ dramatically in hydroperiod (Euliss et al. 2004; Mitsch et al. 2009).  As a result, 189 
wetland complexes provide tremendous variation in habitat (Euliss et al. 2004).   190 
Wetlands are widely agreed to be the most productive ecosystems in the biosphere, 191 
providing essential habitat for many species of plants, invertebrates, and vertebrates  192 
(Whittaker and Likens 1973; Dahl 2006; Gleason et al. 2011).  Located within the Mississippi 193 
flyway, prairie pothole wetlands (PPW) provide critical breeding, resting, and foraging 194 
habitat for water birds and support more than 50% of North America’s waterfowl production 195 
(Batt et al. 1989; Baldassare and Bolan 1994).  These wetlands are also home to many 196 
threatened and endangered species from a variety of taxonomic groups.  In Iowa, where my 197 
study occurred, degradation and destruction of wetlands is a threat to the survival of many 198 
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animal species.  Notable wetland-dependent animals of conservation concern include the 199 
Blanding’s turtle (Emydoidia blandingii), king rail (Rallus elegans), and at least seven 200 
species of butterflies (IDNR 2010).  201 
 Beyond their importance for maintaining biodiversity and biological production, PPW 202 
provide many other ecosystem and recreational services.  PPW are considered one of nature’s 203 
best flood control and water purification systems.  Vegetation and other biological and 204 
physical features of wetlands aid in the filtration of surface- and groundwater, preservation of 205 
topsoil, and recharging of the groundwater table by absorbing and trapping surface water, 206 
sediment, and nutrients (Scholz and Hedmark 2010; Brinson and Eckles 2011).  Through 207 
described mechanisms, wetlands help maintain or improve water and habitat quality in other 208 
aquatic systems located within and downstream from watersheds where they occur.  For 209 
example, wetlands remove nitrogen from surface- and groundwater by playing an important 210 
role in denitrification via anaerobic bacteria in sediments.  Removal of wetlands has led to 211 
increased nitrogen runoff into the Mississippi River and is a primary reason for the 212 
expanding oxygen-depleted dead zone in the Gulf of Mexico (Johnson et al. 2008).  213 
Furthermore, increased flood intensity and adverse socioeconomic consequences have been 214 
linked to wetland destruction (Hey and Philippi 1995, Johnson et al. 2008).  According to 215 
Hey and Philippi (1995), average annual flood damage in the Mississippi basin has increased 216 
by 140% since 1905, primarily due to declines in wetland area.  Wetlands also store large 217 
quantities of carbon, and therefore wetland restoration in the PPR may help offset greenhouse 218 
gas emissions resulting from fossil fuel combustion (Eswaran et al. 1993; Badiou et al. 219 
2011).  Moreover, these ecosystems provide opportunities for hunting, fishing, bird watching, 220 
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and other outdoor activities and it is estimated that the global economic value of inland 221 
wetlands alone, is close to five billion dollars annually (Zedler and Kercher 2005).   222 
The capacity of a wetland to sustain high biological diversity and perform 223 
aforementioned ecosystem services is, to a large extent, dependent upon its condition 224 
(Chabrerie et al. 2001; Ma et al. 2010).   “Ecosystem condition” is generally defined as the 225 
ability of an ecosystem to support biological assemblages and ecosystem functions that 226 
approximate those expected under pre-European settlement conditions and to maintain/return 227 
to this structure and function over time in the face of external perturbations (Karr and Dudley 228 
1981; Costanza and Mageau 1999; Genet and Olsen 2008).  For instance, decreased light 229 
penetration as well as high pollutant concentrations can reduce aquatic plant abundance and 230 
diversity.  Aquatic plant assemblages are of critical importance in wetlands, stabilizing 231 
substrates and providing habitat essential to many invertebrates, amphibians, and fish 232 
(Carpenter and Lodge 1986).  In addition, aquatic vegetation is an essential component in the 233 
sequestration and processing of metals, nutrients, biocides, and other synthetic chemicals 234 
(Scholz and Hedmark 2010).  However, under degraded conditions plants are negatively 235 
affected, limiting their ability to provide important resources and ecosystem services. 236 
Since the arrival of European settlers in the PPR, areal coverage and overall condition 237 
of wetlands have declined.  It is likely that fewer than half of the North American PPW 238 
existing at the time of European settlement still persist (Dahl 2006).  In Iowa alone, it is 239 
estimated that more than 90% of original PPW ecosystems have been lost as a consequence 240 
of draining and filling for agriculture and urban expansion (Bishop et al. 1998; IDNR 2010).  241 
Additionally, long-term declines in biodiversity and production provide evidence of 242 
deteriorating condition in many surviving wetlands (Genet and Olsen 2008; Strand et al. 243 
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2008; Anteau 2012).  Although the rate of wetland loss has slowed in recent decades and 244 
efforts to restore and preserve wetlands have been implemented (Gleason et al. 2011), many 245 
original and restored wetlands in Iowa remain in relatively poor condition and it is unclear 246 
whether functions of restored or created wetlands replicate those in naturally occurring, 247 
unaltered wetlands (Dahl 2006; Fennessey et al. 2008; Evelsizer and Johnson 2010; IDNR 248 
2010).  Some primary threats to PPWs, especially in Iowa, include external loading of 249 
nutrients, sediment, and chloride salts, and invasion by fish (Hanson et al. 2005; Potthoff et 250 
al. 2008; Hentges and Stewart 2010; Anteau et al. 2011; Van Meter et al. 2011).  These 251 
factors promote eutrophication of wetlands and cause declining biological diversity and 252 
overall ecosystem condition (Carpenter et al. 1985; Zimmer et al. 2006; Rejmankova et al. 253 
2008).  Our ability to identify specific threats to wetland condition, and restore and maintain 254 
conditions in Iowa PPWs would be greatly enhanced by improved understanding of resident 255 
biological assemblages and by quantifying relationships among biological assemblages and 256 
other wetland features that reflect and affect ecosystem condition.  257 
Wetland condition is influenced by both external (e.g., surrounding landscape 258 
characteristics, hydrology, pollutant inputs, climate, etc.) and internal (within-system) 259 
ecosystem features (e.g., physiochemical properties, biotic communities, etc.) however; 260 
impacts of within-system biophysical features and interactions can exceed those of external 261 
features (Tangen et al. 2003; Voldeseth 2007; Euliss et al. 2008; Skagen et al. 2008).  262 
Consequently, identifying reliable within-system determinants and indicators of wetland 263 
condition is essential to effective wetland management.  However, inherent complexity of 264 
within-system processes in wetlands is a barrier to identifying reliable wetland condition 265 
determinants and indicator variables.  266 
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It is generally agreed that wetlands in good condition will have several characteristics 267 
in common, including high plant, invertebrate, and amphibian abundance and taxonomic 268 
diversity, high water clarity, and low concentrations of nutrients and synthetic chemicals in 269 
the water column (Euliss et al. 1999; USEPA 2002; Stewart and Downing 2008; Hentges and 270 
Stewart 2010; Anteau et al. 2011).  In this study, I measured said features in semipermanent 271 
and permanent PPW of northcentral Iowa and tested hypotheses of causal relationships 272 
among these features.  The objectives of this study were to 1) measure biophysical features of 273 
34 prairie pothole wetlands in Iowa, 2) test hypotheses of causal relationships and identify 274 
variables that were determinants and indicators of wetland condition, and 3) develop a list of 275 
highly descriptive and cost effective variables useful for wetland condition assessment and 276 
management.  This study focuses on within-system relationships and mechanisms, 277 
specifically describing relationships among basin morphometry, trophic state, salt 278 
concentration, tiger salamanders, and community characteristics of aquatic invertebrates, 279 
plants and fish.   280 
Relationships between macroinvertebrate (hereafter invertebrate) assemblage 281 
characteristics and other wetland features was a primary focus in this study as invertebrate 282 
assemblage characteristics are among the most valuable indicators of wetland condition and 283 
function (Rader et al. 2001; Genet and Olsen 2008).  As consumers of vegetation, organic 284 
matter, and microorganisms, and as prey for vertebrates, invertebrates play critical roles in 285 
energy and nutrient flow in food webs (Euliss et al. 1999; Woodcock et al. 2010).  286 
Furthermore, invertebrate abundance and taxonomic diversity are indubitably affected by 287 
habitat quality (Euliss et al. 1999; Rader et al. 2001, Hentges and Stewart 2010).  As a result, 288 
invertebrates are both an integrator of ecosystem features and a sensitive indicator of 289 
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condition.  In addition to invertebrates, tiger salamander (Ambystoma tigrinum) abundance is 290 
also a potentially useful indicator of wetland condition, and I therefore evaluated both its 291 
response, and that of the invertebrate assemblage, to variation in other wetland features 292 
(Hentges and Stewart 2010).  Permeable skin and external gills make salamanders sensitive 293 
to pollutants in the water column.  Large benthivorous and non-native fish can also reduce 294 
tiger salamander populations through various mechanisms such as resource competition and 295 
predation (Walston and Mullin 2007).  296 
My study expanded our knowledge of wetland ecology by providing one of the most 297 
comprehensive surveys of biological and physiochemical features of prairie pothole wetlands 298 
in Iowa.  By using path analysis, I identified important causes of variation in wetland 299 
condition by quantifying direct and indirect interactions among wetland features.  300 
Additionally, through causal analysis, I was able to identify reliable and cost effective 301 
variables for assessing wetland condition.  302 
 303 
METHODS 304 
 305 
Study wetlands (n = 34) were located in the prairie pothole region of north-central 306 
Iowa, USA (range of geographic coordinates = N42° 57’4”-N43° 29’13” and W93° 19’9”- 307 
W93° 46’36”), and occurred in the Winnebago, Upper Iowa, West Fork Cedar, and Shell 308 
Rock sub-watersheds (HUC 8-digit watersheds) of the Upper Mississippi River watershed 309 
(Fig. 1).  Observations from site visits and data collected by Hentges and Stewart (2010) and 310 
the Iowa Department of Natural Resources (IDNR) were used to select wetlands that 311 
collectively exhibited a broad range of values for variables measured in this study.  To enable 312 
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description of biophysical interactions within wetlands that affect invertebrate assemblages 313 
and wetland condition, I selected sites with similar hydrologic regimes and surrounding 314 
landscape characteristics.  Study sites were permanent or semipermanent wetlands; all 315 
retained standing water for the entire 2010 and 2011 study period, and in general have held 316 
water continuously with exception of occasional periods of severe summer drought (G. 317 
Hanson [IDNR], F. Heinz, and R. Schwartz [Cerro Gordo and Winnebago County 318 
Conservation Boards]; Hentges and Stewart 2010).  Basins were not directly connected to 319 
natural rivers or streams, although some received surface water from constructed ditches.  320 
Wetlands were located on public lands managed by IDNR, Cerro Gordo and Winnebago 321 
County Conservation Boards, or the Nature Conservancy.  Although agriculture is the 322 
predominant land cover in the study region, margins of study wetlands (within a 50-m radius 323 
circular area of shoreline) were dominated by grassland, whereas agricultural (i.e., cropland, 324 
pasture) and urban (i.e., impervious surface, lawn) land cover constituted no more than 10% 325 
of this surrounding land area at any study site (K.M. Maurer, personal observations; Hentges 326 
and Stewart 2010).  Most of the study wetlands had been intensively managed through 327 
restoration activity at some point in their history.  At least four years separated my study and 328 
the most recent restoration event in any wetland.  Detailed information for wetland locations 329 
and management histories are available in Appendix 1. 330 
 331 
Data Collection 332 
 333 
Data for physical variables and biological assemblages were collected from each 334 
wetland in 2010 or 2011.  Wetland morphometry variables included wetland area, maximum 335 
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depth, and mean depth.  Water chemistry was quantified through water column 336 
measurements of chloride, chlorophyll a, dissolved oxygen, pH, specific conductance 337 
(conductivity), temperature, total nitrogen (hereafter nitrogen), total phosphorus (hereafter 338 
phosphorus), total dissolved solids, total suspended solids, turbidity, and 40 herbicides and 339 
their degradates.  Fish presence/absence and total biomass were recorded, as were 340 
presence/absence and biomass of small-bodied fish (native minnows [Cyprinidae], 341 
sticklebacks [Gasterosteidae], mudminnows [Umbridae]), large-bodied fish (common carp 342 
[Cyprinus carpio], bullheads [Ictaluridae], sunfishes [Centrarchidae], perch [Percidae]), and 343 
large benthivorous fish (common carp, bullheads).  Tiger salamander (Ambystoma tigrinum) 344 
presence/absence and biomass were also measured, and invertebrate assemblage descriptors 345 
included total biomass (hereafter biomass), taxon richness, and numerical densities of taxa.  346 
Abundance and diversity of macroscopic plants were quantified as percent cover and taxon 347 
richness.  Plant and coarse particulate matter abundance in invertebrate samples 348 
(plant/CPOM) was quantified as an additional plant assemblage variable.   349 
Wetland area was measured using digital aerial photographs and GIS software (World 350 
Imagery Map Service and ArcGIS version 10, Environmental Systems Research Institute 351 
2010).  Specifically, wetland area was quantified from digital polygon coverage of the basin 352 
area covered by water (including emergent plant and open-water zones) under normal 353 
(neither drought or flooded) conditions (Mitsch et al. 2009; Hentges and Stewart 2010).  354 
Remaining wetland variables were quantified or collected on-site, between June 1 and 355 
August 19, 2010 (18 wetlands) or May 23 and August 3, 2011 (16 wetlands).   356 
Data for water chemistry variables were collected at a depth of 40-60 cm.  This range 357 
of depths corresponded to the open-water zone, which supported floating-leaved and 358 
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submerged plants in those wetlands that had populations of these plants (Richardson and 359 
Vymazal 2001; Mitsch et al. 2009).  The open water zone dominated the wetted area of my 360 
study wetlands, so measurements from sampling locations likely represented prevailing 361 
conditions in these ecosystems.  362 
Dissolved oxygen, pH, conductivity, temperature, and turbidity were measured on 363 
three dates in most wetlands.  Due to malfunctioning sampling equipment, measurements 364 
were taken on two dates for dissolved oxygen at seven sites, and on two dates for pH at one 365 
site.  Measurements for these water chemistry variables occurred between June 1 and July 8, 366 
2010 or May 23 and July 8, 2011, and at least six days separated measurement of any 367 
variable in an individual wetland.  On a sampling date, each variable was measured at five 368 
evenly spaced locations within a wetland, with locations distributed within the previously- 369 
described range of sampling depths.  At each sampling location, three turbidity samples were 370 
taken from the middle of the water column and measured using a HACH 2100Q 371 
turbidimeter.  Conductivity, dissolved oxygen, pH, and temperature were measured at three 372 
depths (one measurement each from slightly below the water surface, the middle of the water 373 
column, and just above the sediment surface) using a HACH HQ40d meter equipped with 374 
LDO101, PHC101, and CDC401 IntelliCAL probes.   375 
Water-column concentrations of chloride, chlorophyll a, nitrogen (sum of nitrate, 376 
nitrite, ammonium, organic nitrogen), phosphorus, total dissolved solids, total suspended 377 
solids, and herbicides and their degradates were also quantified.  Samples were collected and 378 
quantified between July 8 and August 19, 2010 and July 11 and August 3, 2011.  The time 379 
interval between sampling dates in an individual wetland was at least five days.  On each 380 
sampling date, one grab sample was collected from the middle of the water column, and 381 
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analyzed by the State Hygienic Laboratory at the University of Iowa (Iowa City, Iowa) 382 
within 24 h using standard methods (USGS I-3765-85, USEPA 160.1, 300.0, 350.1, 351.2, 383 
353.2, 365.4, 445.0, 515.3, 8270).  384 
Biological assemblages were sampled at a time of year when plant and invertebrate 385 
abundance and taxonomic diversity were expected to be at or near their annual peak (USEPA 386 
2002; Johnston et al. 2009).  Taxa were identified with the aid of published keys (Eddy and 387 
Underhill 1978; Prescott 1980; Thorp and Covich 2001; Merritt et al. 2008) and an aquatic 388 
invertebrate taxonomist (G.W. Courtney, Iowa State University, Ames, Iowa).  The 389 
Integrated Taxonomic Information System (http://www.itis.usda.gov) was used as the 390 
ultimate authority for taxonomic designations.   391 
Fish and larval and/or neotene salamanders were sampled on one date using unbaited 392 
fyke nets.  Three standard fyke nets (15.2 m lead, 1.9-cm mesh, largest hoop opening = 0.6 × 393 
1.2 m) and three mini-fyke nets 4.0 m lead, 0.6-cm mesh, largest hoop opening = 0.6 × 1.2 394 
m) were oriented perpendicular to the shoreline, and deployed in the open water zone at 395 
evenly spaced locations.  Nets were retrieved after 24 h, captured taxa were identified, 396 
numbers and weights of individuals were recorded, and animals were released.     397 
The macroscopic plant assemblage, consisting of all free-floating and rooted floating- 398 
leaved, emergent, and submerged nonvascular and vascular taxa (Richardson and Vymazal 399 
2001), was surveyed once in each wetland.  Plant sampling occurred between July 15 and 400 
July 20, 2010 or July 15 and July 21, 2011.  The sampling design was adapted from Johnston 401 
et al. (2007; 2009) and Kaeser and Kirkman (2009).  Five parallel transects were established 402 
by dividing the wetland into five sections of equal width, and extending one transect from 403 
shoreline to shoreline (defined by uninterrupted occurrence of standing water) through the 404 
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middle of each section.  Each transect was then divided into five sections of equal length, and 405 
one sampling plot was randomly selected from within each section.  A 1.0-m
2
 frame was 406 
placed on the water surface at this sampling plot, and visual observation, a plant rake, and 407 
methods of Goldsmith and Harrison (1976) were used to estimate areal percent cover (i.e., 408 
abundance, ranging from 0 to 100%) of macroscopic plants (individual taxa cover and overall 409 
cover) in each sampling plot.  A meter stick was also used to measure depth in the center of 410 
each sampling plot.       411 
Plant percent cover values that were reported for each wetland and used in statistical 412 
analyses were means based on average values across all twenty five 1.0-m
2
 plots.  Plant 413 
taxon richness was quantified as the total number of taxa recorded across all 25 plots 414 
(number of taxa/25 m
2
).  Plant taxa were identified on-site and usually to genus, although 415 
some taxa were identified to species and Chlorophyta (green algae) and Bryophyta (mosses) 416 
were only identified to division and class, respectively.  Mean and maximum depth values 417 
reported for each wetland, and used in statistical analyses, were based on average and 418 
maximum depths recorded across all twenty-five 1.0-m
2
 plots (Herwig et al. 2010).  419 
Invertebrates and associated living and non-living plant material were sampled on one 420 
date in each wetland, with sampling occurring between June 28 and July 7, 2010 or June 23 421 
to July 12, 2011.  A 36-cm diameter stovepipe sampler was used to sample at five equally 422 
spaced locations (40-60 cm depth; total volume sampled in each wetland ranged from 0.23- 423 
0.28 m
3
) within the open water zone (USEPA 2002; Stewart and Downing 2008; Hentges 424 
and Stewart 2010).  The sampler penetrated wetland sediment, traversed the entire water 425 
column, and extended above the water surface.  Therefore, once the sampler was placed on 426 
the substrate, invertebrates were trapped within the cylinder and exhaustive sampling 427 
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occurred.  First, pieces or clumps of macroscopic plant and coarse particulate organic matter 428 
> 5 cm long (plant/CPOM) were harvested by hand.  A fine-mesh (250-µm) net was then 429 
used to collect the top 2.5 cm of bottom sediment and sweep through the entire water column 430 
until 10 consecutive sweeps produced no visible invertebrates or plant/CPOM.  All collected 431 
material that was retained by a 500-µm-mesh sieve was preserved in a jar with 5% buffered 432 
formalin and Rose Bengal dye.  Formalin was replaced by 70% ethanol after 24 h.  All five 433 
invertebrate and plant/CPOM samples from one wetland were composited into a single 434 
sample representative of that wetland.   435 
Each invertebrate and plant/CPOM sample was processed in the laboratory.  First, a 436 
comprehensive search for large-bodied invertebrates was conducted by placing sample 437 
contents in a pan, carefully scanning the entire sample with an unaided eye, and removing all 438 
invertebrates that were ≥ 0.5 cm long (King and Richardson 2002; Hentges and Stewart 439 
2010).  Sub-sampling was then used to quantify abundance of smaller-bodied invertebrates 440 
(King and Richardson 2002; Hentges and Stewart 2010).  Remaining sample contents were 441 
homogenized in a pan that was marked with a grid consisting of ninety 27.5-cm
2
 cells.  One 442 
cell was randomly selected and a frame with solid vertical walls and an open top and bottom 443 
was used to enclose cell contents.  Scissors were used to cut plant/CPOM at cell margins, cell 444 
contents were transferred to a petri dish and examined at 10X, and invertebrates were 445 
removed.  Additional cells were randomly selected and processed in their entirety until at 446 
least two cells and ≥ 500 invertebrates were collected by sub-sampling.  After sub-sampling 447 
was complete, sample contents were again scanned in their entirety and all plant/CPOM were 448 
removed.   449 
  
 
13 
Insects and mollusks were identified to family, while most other invertebrates were 450 
identified to order, class, or phylum.  Invertebrate abundance (i.e., biomass and numerical 451 
densities) values for each wetland were based on invertebrates collected from sub-sampling 452 
and the comprehensive large-bodied macroinvertebrate search, accounting for the percentage 453 
of sample processed by sub-sampling.  Invertebrate taxon richness was quantified as the total 454 
number of invertebrate taxa recorded in a wetland.  Numerical densities of invertebrates were 455 
based on counts of individual organisms, whereas biomass was determined by drying 456 
invertebrates at 60º C for 24 h and then ashing at 500º C for four h (APHA 2005; Hentges 457 
and Stewart 2010).  Abundance was reported in terms of total volumetric area sampled, 458 
which accounted for the entire habitat sampled (i.e., number of individuals/m
3
, g AFDW/m
3
, 459 
respectively).  Finally, abundance of plant/CPOM (g dry weight/m
3
) in invertebrate samples 460 
was determined by drying plant/CPOM to a constant weight at 60º C.  461 
 462 
Data Analysis 463 
 464 
Relationships among invertebrate assemblage variables and other wetland variables 465 
were evaluated using correlation analysis, path analysis, and nonmetric multidimensional 466 
scaling (nMDS).  Correlation and path analyses were conducted using PROC CORR and 467 
PROC CALIS procedures in SAS 9.2 (SAS Institute 2008), and nMDS was performed using 468 
PC-ORD version 6 (MJM Software Design 2011).  Relationships among variables were 469 
considered statistically significant at p ≤ 0.05.  470 
Each wetland was treated as an independent sampling unit (n = 34) in statistical 471 
analyses.  Prior to statistical analyses, raw data were transformed (log10(X), log10(X + 1), or 472 
  
 
14 
arcsine-square root as appropriate), to linearize and normalize data and reduce 473 
heteroscedasticity (McCune and Grace 2002; Cohen et al. 2003).  Coded-variable values of 474 
“1” and “0” were used in analyses to indicate presence and absence of tiger salamanders, 475 
fish, small-bodied fish, large-bodied fish, and large benthivorous fish.  Dissolved oxygen, 476 
pH, and temperature were not included in statistical analyses because only diurnal 477 
measurements of these variables were recorded and I therefore did not account for nocturnal 478 
minima or maxima that can have especially strong effects on biological assemblages 479 
(Mendelssohn and Batzer 2006; Reeder 2011).  Inclusion of dissolved oxygen, pH, and 480 
temperature in statistical analyses might have produced misleading results or obscured 481 
otherwise meaningful relationships (Cohen et al. 2003).  Total dissolved solids was also 482 
excluded from statistical analysis because a variety of inorganic and organic compounds 483 
contribute to this variable, and causes for relationships between total dissolved solids and 484 
other variables in my dataset were therefore difficult to interpret (USEPA 2012).  485 
Additionally, my herbicide dataset was incomplete due to missing values from many 486 
wetlands.  Therefore, herbicide data were not summarized or included in statistical analysis.  487 
Statistical analysis procedures were based on a priori expectations of relationships 488 
among variables that were observed in previous studies of wetland ecosystems conducted in 489 
Iowa (Stewart and Downing 2008; Hentges and Stewart 2010) and elsewhere.  Expected 490 
relationships were summarized in a conceptual causal model (Fig. 2), whereby functionally- 491 
related variables representative of similar wetland features (e.g., water column chlorophyll a 492 
is a component of turbidity, and both variables are trophic state indicators) and that might 493 
similarly affect and/or respond to other wetland features, were grouped together.  My 494 
conceptual causal model contained five groups of variables (i.e., wetland features; wetland 495 
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morphometry, fish assemblage, trophic state indicators, salt contamination, plant assemblage) 496 
that were expected to influence the invertebrate assemblage and tiger salamander population 497 
through direct and indirect causal pathways (Fig. 2).  Invertebrate assemblage and tiger 498 
salamander population variables were designated as dependent (outcome) variables in my 499 
analyses because earlier research suggested that tiger salamander abundance and invertebrate 500 
abundance and taxonomic diversity in Iowa prairie pothole wetlands were positively 501 
associated, and strongly related to a variety of variables known to determine and reflect 502 
wetland condition (Hentges and Stewart 2010).   503 
Specifically, I was interested in testing hypotheses that salamander abundance and 504 
invertebrate abundance and taxonomic diversity were directly affected by plants, and directly 505 
and indirectly affected by trophic state, salt contamination, fish abundance and assemblage 506 
composition, and wetland morphometry (Fig. 2).  Plants provide invertebrates with habitat 507 
and food, and tiger salamanders with egg deposition sites, and I predicted that these effects 508 
would be reflected by positive relationships between plant abundance and diversity and 509 
outcome variables (Euliss et al. 1999; Knutson et al. 2004; Anteau et al. 2011).   Negative 510 
relationships between outcome variables and chloride concentrations, high turbidity, and 511 
associated indicators of salt contamination and eutrophication were predicted to occur 512 
through direct and indirect pathways.  For example, chloride and nitrogen toxicity might 513 
directly influence invertebrates and salamanders, and high salinity and turbidity may 514 
indirectly affect invertebrates and salamanders by suppressing plant growth, thereby 515 
eliminating habitat and food resources (Schrage and Downing 2004; Mendellsohn and Batzer 516 
2006; Sondergaard et al. 2010; Van Meter et al. 2011).  Fish were hypothesized to reduce 517 
invertebrate and salamander abundance as a direct result of predation (Zimmer 2002; Porej 518 
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and Hetherington 2005; Hentges and Stewart 2010).  Additionally, fish were hypothesized to 519 
indirectly and negatively influence invertebrates and salamanders by increasing water 520 
column concentrations of nutrients and particulate matter as a consequence of excretion and 521 
physical disturbance of sediment (Badiou and Goldsborough 2010; Herwig et al. 2010).  522 
Also, some large-bodied benthivorous fish (e.g., carp) can reduce macroscopic plant 523 
abundance and diversity by physically uprooting and consuming plants (Miller and Crawl 524 
2006; Matsuzaki et al. 2007).  Finally, wetland morphometry might influence outcome 525 
variables through a variety of direct and indirect mechanisms.  As wetland area increases, 526 
colonization probability increases and extinction probability declines, potentially promoting 527 
relatively high taxonomic diversity and abundance of plants, invertebrates, and salamanders 528 
(Batzer et al. 2006; Sondergaard et al. 2010; Cosentino et al. 2011).  However, deeper 529 
wetlands may have reduced submerged plant abundance due to benthic light limitation, and 530 
be more likely to support fish populations, possibly resulting in relatively low invertebrate 531 
and salamander abundance and diversity (Batzer et al. 2006; Herwig et al. 2010).  Direct 532 
effect of wetland morphometry on trophic state is also possible, but directionality of this 533 
effect is difficult to predict.  Turbidity, for example, has been observed to increase as a 534 
function of increasing wetland area or declining depth, due to greater likelihood of wind- 535 
induced sediment suspension under these conditions (Braig and Johnson 2003).   536 
Correlation analysis was used to describe relationships between variables within each 537 
wetland feature included in the conceptual causal model (Fig. 2), and to identify a reduced 538 
set of variables that would be used in analysis of causal relationships.  With exception of 539 
invertebrate assemblage variables, only one variable from each group of functionally related 540 
variables was selected for use in causal analysis.  Selection criteria included strength of 541 
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intercorrelations (e.g., Pearson’s product moment correlation; p ≤ 0.05) with other 542 
functionally-related variables, relative likelihood of strong causal relationships with other 543 
wetland features, and cost-effectiveness of measuring the variable.  Additionally, variables 544 
quantified on a continuous measurement scale are more likely to satisfy assumptions of linear 545 
regression than data of a categorical nature (Cohen et al. 2003).  Therefore, biological 546 
assemblage variables quantified in terms of biomass, percent cover, and taxon richness were 547 
generally preferable to presence/absence variables in causal analysis.   548 
Path analysis was used to evaluate causal relationships among wetland features, based 549 
on magnitude and direction of relationships among variables selected for use in the analysis 550 
(Bollen 1989; Cohen et al. 2003).  I conducted path analysis on two path models, one in 551 
which invertebrate biomass was an outcome variable and the other in which invertebrate 552 
taxon richness was an outcome variable.  With exception of these invertebrate assemblage 553 
characteristics, all variables were identical in the two analyzed models.  In path analysis, 554 
standardized regression coefficients, obtained by simultaneously regressing a dependent 555 
variable on each independent variable directly linked to it by an arrow in the path model, 556 
were used to estimate direct, indirect, and total effects of an independent variable on a 557 
dependent variable (Bollen 1989; Cohen et al. 2003).  The direct effect of an independent 558 
variable on a dependent variable was equivalent to the standardized partial regression 559 
coefficient of said independent variable associated with the multiple regression model in 560 
which all variables with direct effects on the dependent variable were included.  An indirect 561 
effect of an independent variable was equivalent to the product of coefficients in a causal 562 
chain, leading from an independent variable through all intervening variables to the 563 
dependent variable, thus summing values for all indirect paths to obtain the total indirect 564 
  
 
18 
effect.  The total effect of an independent variable on a dependent variable was equivalent to 565 
the sum of the direct effect and total indirect effects.  Significance of indirect effects was 566 
calculated by conducting a z-test based on the magnitude of the indirect effect and Sobel’s 567 
standard error estimate (Sobel 1982).  Significance of total and direct effects were calculated 568 
using t-tests based on standard error estimates of associated regression coefficients. 569 
Relationships among invertebrate taxon densities and variables included in path 570 
analysis were evaluated using nMDS (Bray-Curtis distance measure; McCune and Grace 571 
2002).  For nMDS, I reduced the dataset to manageable size and enhanced my ability to 572 
detect meaningful relationships by omitting invertebrate taxa that were recorded in < 5 573 
wetlands or that are typically classified as “microfauna” (e.g., nematodes, mites, springtails, 574 
ostracods, copepods, cladocerans; McCune and Grace 2002).    575 
 576 
RESULTS 577 
 578 
Wetland Features  579 
 580 
Physical features and biological assemblages varied across study wetlands (Table 1, 581 
Appendices 2-8).  Mean depth and wetland area were 2.7 and 96 times greater in the deepest 582 
and largest wetlands than in the shallowest and smallest sites.  Summary statistics for 583 
chloride and conductivity indicate that most sites received low salt inputs from anthropogenic 584 
sources, but some sites were contaminated by this pollutant.  Although some wetlands had 585 
high water clarity, other systems were in an extremely turbid state.  Similar to chlorophyll a, 586 
total suspended solids, and turbidity, differences in water column concentrations of nitrogen 587 
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and phosphorus reflected a strong gradient in trophic state across study sites.  Diurnal values 588 
for dissolved oxygen, pH, and temperature, total dissolved solids across study sites were 9.9 589 
± 2.9 mg/L, 8.8 ± 0.6, 22.6 ± 2.1°C, and 209.2 ± 68.2 mg/L, respectively (mean ± SD).  590 
Although a few wetlands were almost entirely devoid of plants, other sites were 591 
densely populated by a diverse assemblage of emergent, floating, floating-leaved, and 592 
submerged taxa (Table 1, Appendices 7-8).  Fish and tiger salamanders were recorded from 593 
71% and 50% of study wetlands, respectively, with a broad range of biomass observed across 594 
sites for both taxonomic groups (Table 1).  Large-bodied fishes (common carp, black 595 
bullhead [Ameiurus melas], bluegill [Lepomis macrochirus], green sunfish [Lepomis 596 
cyanellus], largemouth bass [Micropterus salmoides], and yellow perch [Perca flavescens]) 597 
were verified in 32% of wetlands.  Large benthivorous fishes (common carp, black bullhead) 598 
were recorded at 26% of study sites, and small-bodied fishes (native minnows, brook 599 
stickleback [Culaea inconstans], and central mud minnow [Umbra limi]), were verified in 600 
65% of study wetlands (Appendix 4).  601 
I observed 41- and 2.7-fold differences in invertebrate biomass and taxon richness, 602 
respectively, between wetland sites with the highest and lowest values for these variables 603 
(Table 1, Appendix 5).  A total of 49 invertebrate taxa were collected from the study 604 
wetlands (Table 2).  Numerically dominant taxa included planorbid snails, oligochaetes, 605 
caenid mayflies, pleid bugs, chironomid midges, amphipods, ostracods, cladocerans, and 606 
cyclopoid copepods (mean density > 1,000 individuals/m
3
; Table 2, Appendix 6).  Physid 607 
snails, coenagrionid damselflies, and leptocerid caddisflies were also abundant (mean density 608 
> 500 individuals/m
3
).  Aforementioned taxa constituted 91% of all invertebrates recorded 609 
from wetlands.  Based on densities and body sizes, taxa contributing substantially to total 610 
  
 
20 
invertebrate biomass across wetlands included physid and planorbid snails, oligochaetes, 611 
aeshnid dragonflies, coenagrionid damselflies, chironomid midges, and amphipods.  612 
 613 
Relationships Among Wetland Features  614 
 615 
Correlation analysis revealed abundant statistically significant associations within the 616 
seven groups of variables included in my conceptual causal model (Fig. 2).  Mean and 617 
maximum depths were positively correlated (r = 0.80, p < 0.001), although neither depth 618 
variable was related to wetland area (r ≤ 0.19; p ≥ 0.28).  Fish presence/absence, total fish 619 
biomass, large-bodied fish presence/absence and biomass, and benthivorous fish 620 
presence/absence and biomass were all positively correlated (Table 3).  Relationships 621 
between small-bodied fish presence/absence and biomass and other fish assemblage variables 622 
were relatively weak, but several of these relationships were still positive and significant 623 
(Table 3).  As expected, chloride and conductivity were positively correlated (r = 0.49, p = 624 
0.003).  All trophic state variables were positively associated (Table 4).  Plant cover and 625 
taxon richness, which accounted for plant abundance and diversity at the scale of the entire 626 
wetland, were positively correlated (r = 0.70, p < 0.001), and also positively associated with 627 
plant and organic matter abundance at invertebrate sampling locations (plant/CPOM; r ≥ 628 
0.55, p < 0.001).  Tiger salamander presence/absence and biomass were necessarily 629 
correlated (r = 0.92, p < 0.001), and a positive association between invertebrate biomass and 630 
taxon richness was also observed (r = 0.41, p = 0.016). 631 
Mean depth, total fish biomass, chloride, turbidity, plant cover (percent cover), and 632 
tiger salamander biomass were selected to represent wetland features (Fig. 2) in path analysis 633 
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and NMDS.  Mean depth was considered to best represent wetland morphometry because 634 
values for individual wetlands, based on measurements from 25 plots, were more likely to be 635 
accurate than values for maximum depth.  Correlation analysis results also suggested that 636 
mean depth had stronger effects on other wetland features than wetland area.  Larger 637 
wetlands generally had higher chloride and phosphorus concentrations, and reduced 638 
likelihood of occupancy by tiger salamanders (p ≤ 0.049).   However, all other variables 639 
included in my path analysis were not significantly related to wetland area (p ≥ 0.072).  640 
Chloride is considered to be the best surrogate measure of salt concentrations in surface 641 
waters, and was selected to represent salt contamination (Mayer et al. 1999).  Although 642 
conductivity can be a good proxy for chloride salt concentration, many ions that are unrelated 643 
to salt contamination, or pollution in general, influence conductivity values (Carrino-Kyker 644 
and Swanson 2007).  Turbidity represented trophic state in my analysis because this variable 645 
is relatively easy to measure and was strongly correlated with and influenced by chlorophyll 646 
a, total suspended solids, and water column concentrations of nitrogen and phosphorus.  647 
Total fish biomass was the only fish assemblage variable that was both significantly 648 
correlated with all other variables in its group, and quantified on a continuous measurement 649 
scale.  Total fish biomass was therefore a logical choice to represent the fish assemblage in 650 
path analysis and nMDS.  Similarly, because tiger salamander biomass was quantified on a 651 
continuous measurement scale, this variable was preferable to tiger salamander 652 
presence/absence in path analysis.  Because all measured plant assemblage variables were 653 
intercorrelated, practical considerations were used to select the variable that would represent 654 
the plant assemblage in path analysis and nMDS.  Plant cover was selected because less time 655 
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and expertise are required to measure this variable relative to plant/CPOM and taxon 656 
richness.  657 
Multiple regression results supported several hypotheses of direct causal relationships 658 
between variables included in path analysis.  Results indicated that plant cover had a 659 
significant and positive direct effect on invertebrate taxon richness, and fish had a negative 660 
effect on tiger salamander biomass (Tables 5-6, Fig. 3).  Likewise, turbidity had a significant 661 
direct negative effect on plant cover, fish had a direct positive effect on turbidity, and fish 662 
biomass increased as a function of increasing wetland depth (Tables 5-6, Fig. 3).   663 
Path analysis enabled detection of relationships that were not apparent from 664 
regression analysis alone.  Results suggest that by suppressing plant abundance, high 665 
turbidity had a significant negative indirect and total effect on invertebrate taxonomic 666 
richness (Table 6, Fig. 3).  Although fish apparently had negligible direct effects on the 667 
invertebrate assemblage, I found evidence that cascading effects of fish led to reduced 668 
invertebrate taxon richness.  Specifically, results supported my hypothesis that fish-mediated 669 
increases in turbidity caused declines in plant abundance, leading to declining invertebrate 670 
taxon richness (Table 7, Fig. 3).  Wetland depth appeared to determine, to a significant 671 
extent, tiger salamander biomass and invertebrate abundance and taxonomic diversity.  Fish 672 
biomass increased as a function of mean depth, indirectly contributing to elevated turbidity 673 
and reduced plant cover (Table 7, Fig. 3).  Through the previously described causal pathway, 674 
greater depth had a significant indirect effect on invertebrate taxon richness, although a weak 675 
direct positive effect of increasing depth resulted in a nonsignificant total effect of depth on 676 
invertebrate taxon richness (Table 7, Fig. 3).  In contrast, a significant negative total effect of 677 
increasing depth on invertebrate and tiger salamander biomass resulted from a combination 678 
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of nonsignificant direct effects of depth, and previously described indirect effects of 679 
increasing depth on trophic state and plant abundance (Table 6, Fig. 3).   Relative to other 680 
variables included in path analysis, chloride had weak and statistically nonsignificant effects 681 
on tiger salamander and invertebrate biomass, and invertebrate taxon richness (p ≥ 0.10; 682 
Table 6).     683 
Strong associations were observed among invertebrate taxon densities and other 684 
wetland features.  A plot of invertebrate taxa densities (three-dimensional solution, final 685 
stress of 16.5%) included vectors for five wetland variables that explained variation in 686 
wetland invertebrate assemblage characteristics (joint plot r
2
 ≥ 0.12, p ≤ 0.05; Fig. 4).  687 
Densities of many taxa were highest in wetlands with high plant cover and/or tiger 688 
salamander biomass, low turbidity, and low fish biomass (Fig. 4).  Such taxa included physid 689 
snails, pisiid bivalves, aeshnid dragonflies and lestid damselflies, phryganeid caddisflies, 690 
crambid lepidopterans, belostomatid bugs, and dytiscid, haliplid and hydrophilid beetles (Fig. 691 
4).  Only a few taxa, specifically crayfish (Decapoda), asellid isopods, and tabanid flies were 692 
most abundant under conditions of high turbidity and/or high fish abundance (Fig. 4).  Effect 693 
of chloride on invertebrate densities, although statistically significant, was unclear because 694 
few invertebrate taxa were obviously positively or negatively related to this variable (Fig. 4).  695 
Relationships between wetland depth and invertebrate densities were statistically 696 
nonsignificant. 697 
 698 
DISCUSSION 699 
 700 
Wetland Condition Determinants and Indicators  701 
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 702 
Invertebrate assemblage characteristics integrate many physical and biological 703 
features of their environment, and are therefore widely regarded as reliable wetland condition 704 
indicators (USEPA 2002; Genet and Olsen 2008).  Many aquatic invertebrates complete their 705 
life cycles in wetlands and are exposed directly to physical, chemical, and biological 706 
stressors within the wetland.  Invertebrate taxa identified in my study occupy multiple 707 
functional habitat (e.g., skaters, divers, swimmers, clingers, sprawlers, climbers, burrowers, 708 
and plankton) and feeding groups (e.g., shredders, collector-gatherers, scrapers, plant 709 
piercers, predator-engulfers, and predator-piercers), and exhibit a range of sensitivities to 710 
ecosystem conditions (e.g., pollution tolerant, moderately tolerant, and pollution intolerant; 711 
Cummins and Merrit 2001; Thorp and Covich 2001; Merrit et al. 2008).   712 
 Results from this study indicate that macroscopic plant abundance and/or taxonomic 713 
diversity, turbidity and/or associated trophic state indicators, fish abundance, and wetland 714 
depth were important determinants of invertebrate assemblage characteristics in Iowa PPR 715 
wetlands.  Both invertebrate abundance and diversity increased along a gradient of increasing 716 
plant abundance and diversity, and declined along a gradient of increasing depth, fish 717 
abundance, and eutrophic conditions.  Tight relationships also existed between tiger 718 
salamander abundance and other wetland features, confirming that tiger salamander 719 
abundance is also reflective of wetland condition.  Although tiger salamanders prey on 720 
invertebrates and can reduce their abundance (Benoy 2008), positive associations between 721 
tiger salamander abundance and invertebrate densities were found in this study and a 722 
previous investigation of Iowa PPR wetlands (Hentges and Stewart 2010).  Hentges and 723 
Stewart, 2010 also established that occurrence of tiger salamanders was negatively correlated 724 
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with fish abundance.  My study results supported this finding, as tiger salamander biomass 725 
decreased along a gradient of increasing fish biomass and wetland depth.  726 
 727 
Interactions Among Wetland Features 728 
 729 
Although I did not directly test cause and effect relationships through experiments in 730 
this study, results from path analysis suggest strong causal interactions between many 731 
wetland feature variables.  High plant abundance and taxonomic diversity increases habitat 732 
complexity, which has been found to generate increased invertebrate abundance in prairie 733 
wetlands, including systems inhabited by fish (Rennie and Jackson 2005).  Positive 734 
associations between plant abundance and invertebrate densities and taxon richness observed 735 
in this study likely resulted from invertebrate responses to resources plants provide in the 736 
form of food, refuge from predation, and egg deposition sites (Hentges and Stewart 2010; 737 
Anteau et al. 2011).  Densities of many invertebrate taxa were positively associated with high 738 
plant abundance (e.g., physid snails, aeshnid dragonflies, lestid damselflies, phryganeid 739 
caddisflies, and hydrophilid beetles) and have previously been found to respond favorably to 740 
increased food and habitat in wetlands with abundant plants (Zimmer et al. 2000; Stewart and 741 
Downing 2008; Hentges and Stewart 2010).  Specifically, aquatic plants provide places for 742 
these invertebrate taxa to cling (e.g., snails, dragonflies, mayflies) and forage (e.g., beetles, 743 
snails), and they provide materials for case making (e.g., caddisflies; Merrit et al. 2008).  744 
Additionally, the significant positive correlation between plant cover and plant taxon richness 745 
suggests that plant taxon richness might also positively influence invertebrate abundance and 746 
taxonomic diversity through increased resource diversity.  Although submergent plants are 747 
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good substrate for tiger salamander egg deposition, my results suggest that plant abundance 748 
did not have significant effects on tiger salamander abundance and that adverse effects of 749 
predaceous fish were more important.  Hentges and Stewart (2010) and Knutson et al. (2004) 750 
also did not observe strong relationships between plant biomass and tiger salamander 751 
abundance in wetlands. 752 
Previous studies have reported negative correlations between turbidity or other 753 
indicators of eutrophication, and tiger salamander and invertebrate abundance in PPR 754 
wetlands (Gleason et al. 2003; Hentges and Stewart 2010).  Results from this study 755 
confirmed that invertebrate abundance and taxonomic diversity declined as turbidity 756 
increased.  Concentrations of nutrients (nitrogen, phosphorus), chlorophyll a, and total 757 
suspended solids were highly correlated with and can influence turbidity values; therefore it 758 
is likely that invertebrate assemblages responded negatively to multiple factors associated 759 
with eutrophication and degraded water quality.  Path analysis results suggest that the 760 
adverse effects of eutrophication on invertebrate taxon richness were primarily indirect, a 761 
result of turbidity effects on plant abundance, and that direct effects of trophic state on 762 
invertebrates (e.g., nitrogen toxicity, low dissolved oxygen, interference with respiration as a 763 
consequence of suspended particles; Suren et al. 2011; Custer and Burton 2008; Anteau et al. 764 
2011) were relatively unimportant.  The cause for negative associations between turbidity 765 
and invertebrate densities is also likely to be a consequence of decreased plant abundance, 766 
although the direct effects of trophic state that are described above might also be important.  767 
The influence of trophic state on tiger salamander abundance in Iowa PPR wetlands is 768 
unclear.  Although Hentges and Stewart (2010) found that occupancy rates of Iowa PPR 769 
wetlands by tiger salamanders declined as turbidity and water-column concentrations of 770 
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nitrogen and phosphorus increased, tiger salamander abundance was weakly 771 
(nonsignificantly) positively related to turbidity in my study.  It is possible that the direct 772 
effects of fish in this study overwhelmed any effects of trophic state on tiger salamanders.  773 
Chloride concentration is indicative of anthropogenic pollutants such as road salt and 774 
agricultural and industrial runoff, and can be a strong determinant of wetland condition 775 
because of its toxic effects on plants, amphibians, and invertebrates (i.e., decreased survival 776 
and development; James and Hart 1993; Van Meter et al. 2011).  However, results from path 777 
analysis revealed no significant relationships between chloride and plant and salamander 778 
abundance and invertebrate biomass and taxon richness in my study.  Results from nMDS 779 
suggested that chloride did have an adverse effect on invertebrate densities, although its 780 
influence on this assemblage characteristic was still weak relative to negative effects of fish 781 
and hypereutrophic conditions.   782 
Fish assemblage characteristics were a major driver of variation in wetland ecosystem 783 
condition, affecting other wetland features through direct and indirect mechanisms.  Study 784 
results suggest that interactions between fish, trophic state, and plant community 785 
characteristics have significant consequences for the structure of invertebrate assemblages in 786 
Iowa PPR wetlands, and that fish predation is an important determinant of salamander 787 
abundance.  Internal loading of nutrients by fish excretion and resuspension of sediment can 788 
substantially increase turbidity and concentrations of nutrients and chlorophyll a in the water 789 
column of wetlands (Vanni et al. 2006).  Furthermore, large-bodied benthivorous fish can 790 
translocate nutrients from sediment to the water column while foraging, further increasing 791 
turbidity (Zimmer et al. 2006).  Additionally, fish prey upon invertebrates, amphibians, and 792 
amphibian eggs  (Hecnar and M’Closkey 1997; Batzer et al. 2006).   793 
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Path analysis suggested that adverse fish effects on invertebrate taxon richness were 794 
primarily indirect, mediated by fish-induced increases in turbidity and resulting declines in 795 
plant abundance due to light limitation.  It is likely that the same mechanism contributed to 796 
apparent declines in densities of many invertebrate taxa across a gradient of increasing fish 797 
biomass.  Only a few taxa, specifically crayfish (Decapoda), asellid isopods, and tabanid flies 798 
were most abundant under turbid conditions with abundant fish.  No significant direct effects 799 
of fish biomass on invertebrate taxon richness or biomass were apparent from results of the 800 
path analysis, suggesting that predation is not the principal mechanism by which fish 801 
adversely affect invertebrates in these systems.   Even though invertebrates are an important 802 
food for many fish taxa recorded in study wetlands, it seems availability of plants was most 803 
influential to success of most invertebrate taxa at my study sites.  804 
Studies have demonstrated that fish can have negative impacts on amphibians via 805 
predation and competition for resources (Hecnar et al. 1997; Walston and Mullin 2007; Pope 806 
2008).  Many of the fish taxa found in study wetlands are predatory or omnivorous and are 807 
known to consume amphibian eggs, larvae, and adults (e.g., black bullhead, common carp, 808 
green sunfish, bluegill, largemouth bass; Pflieger 1997).  Path analysis suggested that in 809 
contrast to fish effects on invertebrates, predation by fish significantly reduced tiger 810 
salamander abundance, and that direct effects of predation accounted for the entire (total) fish 811 
effect on salamanders.  In fact, tiger salamanders rarely occupied wetlands with high fish 812 
biomass and were found almost exclusively in wetlands devoid of large-bodied fish.  Of the 813 
17 sites with large-bodied fish, salamanders were only recorded in two wetlands, and at very 814 
low numbers and biomass  (1 and 4 individuals, 10g and 21g). 815 
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Deeper study wetlands were generally in poorer condition than relatively shallower 816 
systems, primarily as a consequence of total fish biomass increasing with depth, and the 817 
cascading effects of fish that were described above.  Consequently, invertebrate taxon 818 
richness declined with increasing depth, primarily as an indirect effect of increasing fish 819 
abundance, and resulting changes in trophic state and declines in plant abundance.  820 
Invertebrate biomass and salamander biomass also decreased as a function of increasing 821 
depth, but this apparently resulted from a combination of direct and indirect effects that 822 
collectively had strong and statistically significant effects.  Shallower wetlands support more 823 
extensive littoral zones with rooted plants and might therefore provide more favorable habitat 824 
for salamanders and invertebrates (Euliss et al. 1999, Porej and Hetherington 2005).  The 825 
mechanisms for direct effects of depth on invertebrate and salamander biomass are unknown 826 
and related to some factor that was not measured in this study.   827 
 828 
Conclusions and Recommendations 829 
 830 
Several wetland features affected invertebrate taxon richness through direct and 831 
indirect mechanisms, indicating invertebrate taxon richness integrates many aspects of Iowa 832 
PPR wetland ecosystems.  Although invertebrate taxon richness is an exceptionally valuable 833 
metric for evaluating Iowa PPR wetland condition, laboratory methods used to quantify 834 
invertebrate taxon richness were very time consuming.  Therefore, to expedite quantification 835 
of invertebrate taxon richness, alternative methods of measuring this variable should be 836 
evaluated in a future study.  In contrast to invertebrate taxon richness, invertebrate biomass 837 
does not appear to be a reliable condition metric as it was weakly related to other wetland 838 
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features that are reflective of wetland condition.  I recommend the use of tiger salamander 839 
biomass as a condition metric because salamanders responded very strongly to variation in 840 
fish biomass, and this variable is cost-effective to measure as it is sampled in conjunction 841 
with fish and is less time-consuming than the alternative salamander metric that requires 842 
counting numbers of captured individuals.    843 
Study results suggest that plant cover and plant taxon richness are both excellent 844 
wetland condition metrics as they are sensitive to many wetland features and they provide 845 
important resources for aquatic biota (Lacoul and Freedman 2006; USEPA 2012).  Plant 846 
cover seems to be a more appealing choice to use as a condition metric, as it is much easier to 847 
measure than taxon richness.  However, further research is needed to determine whether 848 
inclusion of all plant taxa in a measurement of plant cover, as was done in this study, 849 
produces a metric with the most accurate description of wetland condition.  Previous studies 850 
indicated that aquatic plant taxa vary in their response to trophic conditions (Lacoul and 851 
Freedman 2006).  For example, macroalgae (Chlorophyta) and lesser duckweed (Lemna 852 
minor) can become extremely abundant under turbid, hypereutrophic conditions, whereas 853 
abundance of most other taxa recorded in my study (e.g., Potamogeton sp., Utricularia sp., 854 
and Chara sp.) decline under such conditions (Lougheed et al. 2001; Lacoul and Freedman 855 
2006).  Furthermore, Lougheed et al. (2001) found that wetlands dominated by Lemna minor 856 
had low diversity of planktivorous invertebrates while sites with greater plant diversity 857 
subsequently supported more diverse zooplankton assemblages.  My study did not 858 
specifically examine relationships between invertebrate assemblages and specific plant taxa.  859 
However, one site (Sandpiper), had high plant cover (95%), yet ranked relatively low in 860 
invertebrate abundance (31 of 34 sites had higher invertebrate densities) and richness (23 of 861 
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34 sites had higher invertebrate taxon richness).  Of plants at this site, Chlorophyta and 862 
Lemna minor were among the most dominant taxa, on average covering 38% and 23% of the 863 
wetland respectively.  A future investigation that evaluates relationships between trophic 864 
state, invertebrate assemblage characteristics, and abundance of specific plant taxa may 865 
therefore produce an even more effective plant assemblage metric for assessing wetland 866 
condition than that which was identified in this study.   867 
My results also strongly support the use of turbidity as a trophic state indicator in 868 
wetland condition evaluation and management.  High turbidity was directly and indirectly 869 
tied to declines in plant abundance and adverse effects on the invertebrate community.  870 
Turbidity was also positively correlated with and determined by all other trophic state 871 
indicators measured in this study.  Furthermore, turbidity is extremely simple to measure in 872 
the field, saving time and expense in comparison to using metrics which require laboratory 873 
processing.  Based on water quality criteria, as established by USEPA (2000), alteration of 874 
trophic state should be a priority in management of Iowa PPR wetlands.  Twenty-eight of my 875 
study wetlands had total phosphorus concentrations that exceeded the water quality criterion 876 
(0.055 mg/L) for lakes and reservoirs located in the Western Corn Belt Plains ecoregion.  877 
Water column concentrations of total nitrogen, chlorophyll a and turbidity levels exceeded 878 
the established water quality criteria of 0.96 mg/L, 18.8 µg/L, and 6.36 NTU at 97%, 47%, 879 
and 35% of sites, respectively.   880 
In contrast to turbidity, relatively weak relationships between chloride and other 881 
wetland features suggested that this pollutant was not an effective indicator of the condition 882 
of my study wetlands.  Chloride concentrations in all study wetlands during my summer 883 
study period fell well below levels that have been established by USEPA as chronically toxic 884 
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to freshwater biota (230mg/L; USEPA 2013), and this might explain the general absence of a 885 
strong chloride effect on plants, tiger salamanders and invertebrates in my study.   886 
Results from this and other studies support hypotheses that fish have strong effects on 887 
wetland condition and biological communities through various indirect and direct 888 
mechanisms.  Therefore, fish must be accounted for in condition monitoring and assessment.  889 
Of evaluated fish assemblage variables, this study suggests that total fish biomass is the most 890 
useful in wetland condition assessment for several reasons.  Nearly all fish consume 891 
invertebrates and can increase turbidity through excretion or physical disturbance of 892 
sediment, so it is difficult to separate effects of fish taxa.  Additionally, total biomass is a 893 
relatively simple metric to quantify relative to the other variables that require identifying taxa 894 
and counting numbers of individuals.   895 
Although studies of other wetlands in the PPR revealed that small-bodied fishes, 896 
particularly fathead minnows, had negative effects on wetland condition, my results suggest 897 
that effects of this group of fishes in Iowa PPR wetlands are weak (Zimmer et al. 2001; 898 
Zimmer et al. 2002; Hanson et al. 2005).  However, I found statistical evidence that large- 899 
bodied benthivorous fishes have especially strong effects on wetland condition.  Black 900 
bullhead and other large-bodied benthivorous fishes are known to generate hypereutrophic 901 
conditions and to degrade the condition of shallow lentic ecosystems by increasing turbidity 902 
(Vanni 2002; Braig and Johnson 2003; Stewart and Downing 2008).  Large-bodied 903 
benthivorous fish accounted for 75% of total fish biomass in study wetlands, and 98% of 904 
large-bodied benthivorous fish biomass was attributed to one taxon, black bullhead.  905 
Significant negative correlations were found between black bullhead and invertebrate 906 
biomass and taxon richness, tiger salamander biomass, plant cover and taxon richness, and 907 
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turbidity,  (r ≥ -0.49, p ≤ 0.003).  However, there is conflicting evidence on the influence of 908 
black bullhead on water quality degradation (Braig and Johnson 2003, Fischer 2013).  A 909 
future study focused on relative impacts of fish functional groups or individual taxa might 910 
reveal that large-benthivorous fish biomass, or specifically black bullhead biomass, is the 911 
best predictor of fish impacts on Iowa PPR, and therefore is a metric that is preferable to total 912 
fish biomass. 913 
Although mean depth clearly influences wetland condition in the highly altered 914 
landscape of the Iowa PPR, depth is not a recommended condition metric.  Variation in 915 
wetland depth is natural and is not inherently a cause of ecosystem degradation.  However, 916 
this study suggests deeper wetlands are more likely to support fish populations, and that 917 
negative effects of depth on ecosystem condition are mediated almost entirely by the effects 918 
of fish.  Therefore, depth may be a good predictor of whether fish could establish and persist 919 
in a wetland basin.  Periodic reductions in water levels may be the most effective 920 
management tool for reducing the likelihood of fish invasions and the success of current 921 
populations of large-bodied fish in wetlands.  Once large benthivorous fish have been 922 
eliminated, wetland condition is likely to improve as a result of decreased sediment 923 
suspension and nutrient inputs and through improved habitat availability (i.e., increased plant 924 
abundance and diversity). 925 
According to historical accounts, fish now occupy a much higher percentage of Iowa 926 
PPR wetlands than at the time of European settlement (Potthoff et al. 2008; Herwig et al. 927 
2010; Anteau 2012).  Agricultural ditches are widespread throughout this highly modified 928 
landscape, and the resulting increase in connectivity between water bodies and inflow of 929 
water has likely increased wetland depth and water-level stability (Bouvier et al. 2009; 930 
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Herwig et al. 2010).  Consequently, wetlands that are hydrologically connected to other 931 
aquatic systems are also more likely to support fish populations (Baber et al. 2002; Scheffer 932 
et al. 2006, Herwig et al. 2012).  Therefore, in addition to the management of wetland depth 933 
it may be important to reduce connectivity in order to restrict or prevent the invasion of 934 
large-bodied fish.  Observed and predicted changes in precipitation cycles in the Des Moines 935 
lobe region of the PPR have also increased the likelihood that individual wetlands will merge 936 
periodically or permanently with adjacent water bodies, suggesting that fish invasions and 937 
hydrologic management may become increasingly prevalent and necessary, respectively 938 
(Leibowitz and Vining 2003; Takle 2010).   939 
In addition to metrics identified in this study, additional variables should be evaluated 940 
to determine their value in Iowa PPR wetland condition assessment.  Efforts should be taken 941 
to link landscape characteristics (e.g., surrounding land use) to wetland features and 942 
condition (Guntenspergen et al. 2002).  The effects of chemical contaminants, including 943 
herbicides and pesticides, should also be evaluated (Relyea 2005).  Specifically, Atrazine, 944 
Desethyl Atrazine, 2-4 DB, and Aciflorfen should be evaluated, as they were the most 945 
frequently detected compounds in sites (75%, 50%, 15%, and 12% respectively).  946 
Path analysis was used as the primary hypothesis-testing tool in this study.  In the 947 
future, I recommend the use of this or other structural equation modeling techniques in the 948 
valuation of further wetland metrics.  Using such statistical approaches provides insight into 949 
the mechanisms of interaction between wetland variables that can often be missed when 950 
using regression analyses and many other multivariate approaches.  Because the functioning 951 
of wetlands and most ecosystems are inherently complicated and interconnected, I see these 952 
statistical tools as a useful way to assess interactions in ecosystem and community ecology.  953 
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Results from this study provide the foundation to facilitate improved management 954 
efforts aimed at maintaining and improving wetland condition in Iowa.  My study provides 955 
evidence that strong interactions among invertebrate and plant assemblages, tiger salamander 956 
and fish abundance, biophysical indicators of trophic state, and water depth are important 957 
determinants of wetland condition in semipermanent and permanent wetlands of the Iowa 958 
PPR.  Invertebrate taxon richness, tiger salamander biomass, plant cover, turbidity and total 959 
fish biomass were variables identified as reliable indicators of wetland condition in this 960 
region.  These variables represent distinct wetland features, accounting for a wide range of 961 
wetland biological and physical characteristics, and I therefore recommend their use as 962 
metrics in monitoring condition of Iowa PPR wetlands.  Wetlands in good condition are 963 
likely to have high plant abundance and taxon richness, high tiger salamander abundance, 964 
high taxonomic richness and densities of aquatic invertebrates, and low biomass of fish, low 965 
concentrations of chloride salt, suspended sediment, water column concentrations of 966 
chlorophyll a, nutrients, and suspended solids, and low values for turbidity.   967 
 968 
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 973 
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 975 
 976 
  
 
36 
REFERENCES 977 
 978 
Anteau MJ (2012) Do interactions of land use and climate affect productivity of waterbirds 979 
and prairie-pothole wetlands? Wetlands 32:1-9. 980 
 981 
Anteau MJ, Afton AD, Anteau ACE, Moser EB (2011) Fish and land use influence 982 
Gammarus lacustris and Hyallella azteca (Amphipoda) densities in large wetlands 983 
across the upper Midwest. Hydrobiologia 664:69-80. 984 
 985 
APHA (2005) Standard Methods for the Examination of Water and Wastewater, twenty-first 986 
edition. American Public Health Association, New York, NY, USA. 987 
 988 
Baber MJ, Childers DL, Babbitt KJ, Anderson DH (2002) Controls on fish distribution and 989 
abundance in temporary wetlands. Canadian Journal of Fisheries and Aquatic 990 
Sciences 59:1441-1450. 991 
 992 
Badiou PHJ, Goldsborough LG (2010) Ecological impacts of an exotic benthivorous fish in 993 
large experimental wetlands, Delta Marsh, Canada. Wetlands 30:657-667. 994 
 995 
Badiou P, McDougal R, Pennock D, Clark B (2011) Greenhouse gas emissions and carbon 996 
sequestration potential in restored wetlands of the Canadian prairie pothole region. 997 
Wetlands Ecology and Management 19:237-256. 998 
 999 
Baldassare, GA, and EG Bolan (1994) Waterfowl Ecology and Management.  Wiley, New 1000 
York. 1001 
 1002 
Batt BDJ, Anderson MG, Anderson CD, Caswell FD (1989) The use of prairie potholes by 1003 
North American ducks. Northern Prairie Wetlands pp. 204-227.  1004 
 1005 
Batzer DP, Cooper R, Wissinger SA (2006) Wetland animal ecology. In: Batzer DP, Sharitz 1006 
RR (eds) Ecology of freshwater and estuarine wetlands. University of California 1007 
Press, Berkeley, pp 242-284. 1008 
 1009 
Benoy GA (2008) Tiger salamanders in prairie potholes: a “fish in amphibian’s garments?” 1010 
Wetlands 28:464-472. 1011 
 1012 
Bishop RA, Joens J, Zohrer J (1998) Iowa’s wetlands, present and future with a focus on 1013 
prairie potholes. Journal of the Iowa Academy of Science 105:89-93. 1014 
 1015 
Bollen KA (1989) Structural equations with latent variables. Wiley, New York. 1016 
 1017 
  
 
37 
Bouvier LD, Cottenie K, Doka SE (2009) Aquatic connectivity and fish metacommunities in 1018 
wetlands of the lower Great Lakes. Canadian Journal of Fisheries and Aquatic 1019 
Sciences 66: 933-948. 1020 
 1021 
Braig EC, Johnson DL (2003) Impact of black bullhead (Ameiurus melas) on turbidity in a 1022 
diked wetland. Hydrobiologia 490:11-21. 1023 
 1024 
Brinson MM, Eckles SD (2011) U.S. Department of Agriculture conservation program and 1025 
practice effects on wetland ecosystem services: a synthesis. Ecological Applications 1026 
21:S116-S127. 1027 
 1028 
Carrino-Kyker SR, Swanson AK (2007) Seasonal physicochemical characteristics of thirty 1029 
northern Ohio temporary pools along gradients of GIS-delineated human land use. 1030 
Wetlands 27:749-760. 1031 
 1032 
Carpenter SR, JF Kitchell, JR Hogedson (1985) Cascading trophic interactions and lake 1033 
productivity.  Bioscience 35:634-39. 1034 
 1035 
Carpenter SR, Lodge DM (1986) Effects of submersed macrophytes on ecosystem processes. 1036 
Aquatic Botany 26:341-370. 1037 
 1038 
Chabrerie O, Poudevigne I, Bureau F, Vinceslas-Akpa M, Nebbache S, Aubert M Bourcier 1039 
A, Alard D (2001) Biodiversiity and ecosystem function in wetlands: A case study in 1040 
the estuary of the Seine River, France. Estuaries 24:1088-1096. 1041 
 1042 
Costanza R, Mageau M (1999) What is a healthy ecosystem? Aquatic Ecology 33:105-115. 1043 
 1044 
Cohen J, Cohen P, West SG, Aiken LS (2003) Applied multiple regression/correlation 1045 
analysis for the behavioral sciences. Lawrence Erlbaum Associates, Mahwah, NJ. 1046 
 1047 
Cosentino BJ, Phillips CA, Schooley RL, Lowe WH, Douglas MR (2011) Linking 1048 
extinction-colonization dynamics to genetic structure in a salamander 1049 
metapopulation. Proceedings of the Royal Society B 279:1575-1582. 1050 
 1051 
Cummins KW, Merritt RW (2001) Applications of invertebrate functional groups to wetland 1052 
ecosystem function and biomonitoring. In: Rader RB, Batzer DP, Wissinger SA (eds) 1053 
Bioassessment and management of North American freshwater wetlands. Wiley, New 1054 
York, pp 85-111. 1055 
 1056 
Custer KW, Burton GA (2008) Isonychia spp. and macroinvertebrate community 921 1057 
responses to stressors in streams utilizing the benthic in situ toxicity identification 1058 
922 evaluation (BiTIE) method. Environmental Pollution 151:101-109.  1059 
 1060 
  
 
38 
Dahl TE (2006) Status and trends of wetlands in the conterminous United States 1998 to 1061 
2004. U.S. Department of the Interior, U.S. Fish and Wildlife Service, Washington, 1062 
DC. 1063 
 1064 
Eddy S, Underhill JC (1978). How to know the freshwater fishes, Brown Company 1065 
Publishers, Dubuque, IA. 1066 
 1067 
Euliss NH, Gleason RA, Olness A, McDougal RL, Murkin HR, Robarts RD, Bourbonniere 1068 
RA, Warner BG (2005) North American prairie wetlands are important nonforested 1069 
land-based carbon storage sites. Science of the Total Environment 361:179-188. 1070 
 1071 
Euliss NH, LaBaugh JW. Fredrickson, Mushet DM, Laubhan MK, Swanson GA, Winter TC, 1072 
Rosenberry DO, Nelson RD (2004) The wetland continuum: a conceptual framework 1073 
for interpreting biological studies. Wetlands 2:448-458. 1074 
 1075 
Euliss NH, Smith LM, Wilcox DA, Browne BA (2008) Linking ecosystem processes with 1076 
wetland management goals: charting a course for a sustainable future. Wetlands 1077 
28:553-562. 1078 
 1079 
Euliss NH, Wrubleski DA, Mushet DM (1999) Wetlands of the prairie pothole region: 1080 
invertebrate species composition, ecology, and management. In: Batzer DP, Rader 1081 
RB, Wissinger SA (eds) Invertebrates in freshwater wetlands of North America: 1082 
ecology and management. Wiley, New York, pp 471-514. 1083 
 1084 
Eswaran H, Van der Berg E, Reich P (1993) Organic carbon in soils of the world. Soil 1085 
Science Society of America 57:192-4. 1086 
 1087 
Evelsizer V, Johnson JL (2010) Wetland Action Plan for Iowa. Iowa Department of 934 1088 
Natural Resources, Iowa City. 1089 
 1090 
Fennessy MS, Rokosch A, Mack JJ (2008) Patterns of plant decomposition and nutrient 1091 
cycling in natural and created wetlands. Wetlands 28:300-310. 1092 
 1093 
Fischer JR, Krogmen RM, Quist MC (2013) Influences of native and non-native 1094 
benthivorous fish on aquatic ecosystem degredation. Hydrobiologia.  1095 
 1096 
Genet JA, Olsen AR (2008) Assessing depressional wetland quantity and quality using a 1097 
probabilistic sampling design in the Redwood River watershed, Minnesota, USA. 1098 
Wetlands 28:324-335. 1099 
 1100 
Gleason RA, Euliss NH, Tange BA, Laubhan MK, Browne BA (2011) USDA conservation 1101 
program and practice effects on wetland ecosystem services in the Prairie Pothole 1102 
region. Ecological Applications 21:S65-S81. 1103 
 1104 
  
 
39 
Goldsmith FB, Harrison CM (1976) Description and analysis of vegetation. In: Chapman SB 1105 
(ed) Methods in plant ecology. Blackwell, London, pp 85-156. 1106 
 1107 
Guntenspergen GR, Peterson, SA, Leibowitz SG, Cowardin LM (2002) Indicators of wetland 1108 
condition for the prairie pothole region of the United States. Environmental 1109 
Monitoring and Assessment 78:229-252. 1110 
 1111 
Hanson MA, Zimmer KD, Butler MG, Tangen BA, Herwig BR, Euliss, NH (2005) Biotic 1112 
interactions as determinants of ecosystem structure in prairie wetlands: an example 1113 
using fish. Wetlands 25:764-775. 1114 
 1115 
Hecnar SJ, MCloskey RT (1997) The effects of predatory fish on amphibian species and 1116 
distribution. Biological Conservation 79:123-131. 1117 
 1118 
Hey, DL, Philippi NS (1995) Flood reduction through wetland restoration: the upper 1119 
Mississippi River Basin as a case study.  Restoration Ecology 3:4-17. 1120 
 1121 
Hentges VA, Stewart TW (2010) Macroinvertebrate assemblages in Iowa prairie pothole 1122 
wetlands and relation to environmental features. Wetlands 30:501-511. 1123 
 1124 
Herwig BR, Zimmer KD, Hanson, MA, Konsti, ML, Younk JA, Wright RW, Vaughn SR, 1125 
Haustein MD (2010) Factors influencing fish distributions in shallow lakes in prairie 1126 
and prairie-parkland regions of Minnesota, USA. Wetlands 30:609-619. 1127 
 1128 
Iowa Department of Natural Resources (2010).  Threatened and endangered species list. 1129 
http://www.iowadnr.gov/wildlife/files/wildinfo.html.  Accessed, November 10, 2010. 1130 
 1131 
James KR, Hart BT (1993) Effect of salinity on four freshwater macrophytes. Australian 1132 
Journal of Marine and Freshwater Research 44:769-777. 1133 
 1134 
Johnson RR, Oslund FT, Hertel DR (2008) The past, present, and future of prairie potholes in 1135 
the United States. Journal of Soil and Water Conservation 63:84-87. 1136 
 1137 
Johnston CA, Bedford BL, Bourdaghs M, Brown T, Frieswyk C, Tulbure M, Vaccaro L,JB 1138 
(2007) Plant species indicators of physical environment in Great Lakes coastal 1139 
wetlands. Journal of Great Lakes Research 33:106-124. 1140 
 1141 
Johnston CA, Zedler JB, Tulbure MG, Frieswyk CB, Bedford BL, Vaccaro L (2009) A 1142 
unifying approach for evaluating the condition of wetland plant communities and 1143 
identifying related stressors. Ecological Applications 19:1739-1757. 1144 
 1145 
Kantrud HA, Krapu GL, Swanson GA (1989). Prairie basins of the Dakotas: a community 1146 
profile. U.S. Fish andWildlife Service, Washington D.C., USA. Biological Report 1147 
85(7.28). 1148 
 1149 
  
 
40 
Kaeser MJ, Kirkman LK (2009) Estimating total plant species richness in depressional 1150 
wetlands in the longleaf pine ecosystem. Wetlands 29:866-874. 1151 
 1152 
Karr JR, Dudley DR (1981) Ecological perspectives on water quality goals. Environmental 1153 
Management 5:55-68. 1154 
 1155 
King RS, Richardson CJ (2002) Evaluating subsampling approaches and macroinvertebrate 1156 
taxonomic resolution for wetland bioassessment. Journal of the North American 1157 
Benthological Society 31:795-809. 1158 
 1159 
Knutson MG, Richardson WB, Reineke DM, Gray BR, Parmalee JR, Weick, SE (2004). 1160 
Agricultural ponds support amphibian populations. Ecological Applications 14:669- 1161 
684. 1162 
 1163 
Lacoul P, Freedman B (2006) Environmental influences on aquatic plants in freshwater 1164 
ecosystems. Environmental Reviews 14:89-136. 1165 
 1166 
Leibowitz SG, Vining KC (2003) Temporal connectivity in a prairie pothole complex. 1167 
Wetlands 23:12-25. 1168 
 1169 
Lougheed VL, Crosbie B, Chow-Fraser, P (2001) Primary determinants of macrophytes 1170 
community structure in 62 marshes across the Great Lakes basin: latitude, land use, 1171 
and water quality effects. Canadian Journal of Fisheries and Aquatic Sciences 1172 
58:1603-1612. 1173 
 1174 
Ma Z, Cai Y, Li B, Chen J (2010) Managing wetland habitats for waterbirds: An 1175 
international perspective. Wetlands 30:15-27. 1176 
 1177 
Matsuzaki SS, Usio N, Takamura N, Washitani I (2007) Effects of common carp on nutrient 1178 
dynamics and littoral community composition: roles of excretion and bioturbation. 1179 
Fundamental and Applied Limnology 168:27-38. 1180 
 1181 
Mayer T, Snodgrass, WJ, Morin D (1999) Spatial characterization of the occurrence of road 1182 
salts and their environmental concentrations as chlorides in Canadian surface waters 1183 
and benthic sediments. Water Quality Research Board of Canada 34:545-574.  1184 
 1185 
Miller SA, Crowl TA (2006) Effects of common carp (Cyprinus carpio) on macrophytes and 1186 
invertebrate communities in a shallow lake. Freshwater Biology 51:85-94. 1187 
 1188 
McCune B, Grace JB (2002) Analysis of ecological communities . MjM Software Design, 1189 
Gleneden Beach. 1190 
 1191 
Mendelssohn IA, Batzer DP (2006) In: Bazter DP, Sharitz RR (eds) Ecology of freshwater 1192 
and estuarine wetlands. University of California Press, Berkeley, pp 82-114. 1193 
 1194 
  
 
41 
Merritt RW, Cummins KW, Berg M (2008) An introduction to the aquatic insects of North 1195 
America. Kendall Hunt, Dubuque, IA. 1196 
 1197 
Mitsch WJ, Gosselink JG, Anderson CJ, Zhang L (2009) Wetland Ecoystems. John Wiley 1198 
and Sons, Hoboken, NJ, pp. 118-148. 1199 
 1200 
Pflieger WL (1997) The Fishes of the Missouri. Missouri Department of Conservation, 1201 
Jefferson City, MO. 1202 
 1203 
Porej D, Hetherington TE (2005) Designing wetlands for amphibians: the importance of 1204 
predatory fish and shallow littoral zones in structuring amphibian communities. 1205 
Wetlands Ecology and Management 13:445-455. 1206 
 1207 
Pope KL (2008) Assessing changes in amphibian population dynamics following 1208 
experimental manipulations of introduced fish. Conservation Biology 22:1572-1581. 1209 
 1210 
Potthoff AJ, Herwig BR, Hanson MA, Zimmer KD, Butler MG, Reed JR, Parsons BG, Ward 1211 
MC (2008) Cascading food-web effects of piscivorous introductions in shallow lakes. 1212 
Journal of Applied Ecology 45:1170-1179. 1213 
 1214 
Prescott GW (1980) How to Know the Aquatic Plants. Brown Company Publishers, 1215 
Dubuque, IA. 1216 
 1217 
Rader RB, Batzer DP, Wissinger SA (2001) Bioassessment and management of North 1218 
American freshwater wetlands. Wiley, New York. 1219 
 1220 
Reeder, BC (2011) Assessing constructed wetland functional success using diel changes in 1221 
dissolved oxygen, pH, and temperature in submerged, emergent, and open-water 1222 
habitats in the Beaver Creek Wetlands Complex, Kentucky (USA). Ecological 1223 
Engineering 37:1772-1778. 1224 
 1225 
Rejmankova E, Macek P, Epps K (2008) Wetland ecosystem changes after three years of 1226 
phosphorus addition. Wetlands 28:914-927. 1227 
 1228 
Relyea RA (2005) The impact of insecticides and herbicides on the biodiversity and 1229 
productivity of aquatic communities. Ecological Applications 15:618-627. 1230 
 1231 
Rennie MD, Jackson LJ (2005) The influence of habitat complexity on littoral invertebrate 1232 
distributions: patterns differ in shallow prairie lakes with and without fish. Canadian 1233 
Journal of Fisheries and Aquatic Science 62:2088-2099. 1234 
 1235 
Richardson CJ, Vymazal J (2001) Sampling macrophytes in wetlands. In: Rader RB, Batzer 1236 
DP, Wissinger SA (Ed.), Bioassessment and management of North American 1237 
freshwater wetlands. Wiley, New York, pp. 297-337. 1238 
 1239 
  
 
42 
Scheffer M, van Geest GJ (2005) Small habitat size and isolation can promote species 1240 
richness: second-order effects on biodiversity in shallow lakes and ponds. Oikos 1241 
112:227-231. 1242 
 1243 
Scholz M, Hedmark A (2010) Constructed wetlands treating runoff contaminated with 1244 
nutrients.  Journal of Water, Air, and Soil pollutants, 205:323-332. 1245 
 1246 
Schrage LJ, Downing JA (2004) Pathways of increased water clarity after fish removal from 1247 
Ventura Marsh: a shallow, eutrophic wetland. Hydrobiologia 511:215-231. 1248 
 1249 
Scott DA, Jones TA (1995) Classification and inventory of wetlands: a global review. In: 1250 
Finlayson CM, vander Valk AV (Ed.) Classification and Inventory of the World’s 1251 
Wetlands Kluwer Acedemic Publishers, Dordrecht, pp. 103-124. 1252 
 1253 
Skagen SK, Melcher CP, Haukos DA (2008) Reducing sedimentation of depressional 1254 
wetlands in agricultural landscapes. Wetlands 28:594-604. 1255 
 1256 
Sobel, ME (1982). Asymptotic intervals for indirect effects in structural equation models. In: 1257 
S. Leinhart (Ed.), Sociological methodology pp. 290-312.  Jossey-Bass, San 1258 
Francisco. 1259 
 1260 
Sondergaard M, Johansson LS, Lauridsen TL, Jorgensen TB, Liboriussen L, Jeppesen E 1261 
(2010) Submerged macrophytes as indicators of the ecological quality of lakes. 1262 
Freshwater Biology 55:893-908. 1263 
 1264 
Stewart TW,  Downing JA (2008) Macroinvertebrate communities and environmental 1265 
conditions in recently constructed wetlands. Wetlands 28:141-150. 1266 
 1267 
Strand KA, Chipps SR, Kahara SN, Higgins KF, Vaa S (2008) Patterns of prey use by lesser 1268 
scaup Aythya affinis (Aves) and diet overlap with fishes during spring migration. 1269 
Hydrobiologia 598:389-398. 1270 
 1271 
Suren A, Kilroy C, Lambert P, Wech J, Sorrell B (2011) Are landscape-based wetland 1272 
condition indices reflected by invertebrate and diatom communities? Wetlands 1273 
Ecology and Management 19:73-88. 1274 
 1275 
Takle ES (2010) Climate changes in Iowa.  Climate change impact on Iowa: report to the 1276 
governor and the Iowa general assembly pp.8-13. 1277 
 1278 
Tangen BA, Butler MG, Ell MJ (2003) Weak correspondence between macroinvertebrate 1279 
assemblages and land use in prairie pothole region wetlands, USA. Wetlands 23:104- 1280 
115. 1281 
 1282 
Thorp JH, Covich AP (2001) Ecological Classification of North American Freshwater 1283 
Invertebrates. Academic Press, San Diego. 1284 
  
 
43 
 1285 
USEPA (2002) Methods for evaluating wetland condition (#9): developing an invertebrate 1286 
index of biological integrity for wetlands. United States Environmental Protection 1287 
Agency, Washington, DC. EPA-822-R-02-019. 1288 
 1289 
USEPA (2000) Ambient water quality criteria recommendations: lakes and reservoirs in 1290 
nutrient ecoregion VI. United States Environmental Protection Agency, Washington, 1291 
DC. EPA-822-B-00-008. 1292 
 1293 
United States Environmental Protection Agency, 2012. Water Monitoring and Assessment: 1294 
total solids. http://water.epa.gov/type/rsl/monitoring/vms58.cfm. Accessed January 1295 
30, 2013.  1296 
 1297 
United States Environmental Protection Agency, 2013. National recommended water quality 1298 
criterion: Aquatic Life Criteria Table. 1299 
http://water.epa.gov/scitech/swguidance/standards/criteria/current/index.cfm#altable. 1300 
Accessed February 17, 2013.  1301 
 1302 
Van Meter RJ, Swan CM, Leips J, Snodgrass JW (2011) Road salt stress induces novel food 1303 
web structure and interactions. Urban Ecosystems 14:723-736. 1304 
 1305 
Vanni MJ (2002) Nutrient cycling by animals in freshwater ecosystems. Annual Review of 1306 
Ecology and Systematics 33:341-370. 1307 
 1308 
Vanni MJ, Bowling AM, Dickman EM, Hale RS, Higgins KA, Horgan MJ, Knoll LB, 1309 
Renwick WH, Stein RA (2006) Nutrient cycling by fish supports relatively more 1310 
primary production as lake productivity increases. Ecological Society of America 1311 
87:1696-1709. 1312 
 1313 
Voldseth RA, Johnson WC, Gilmanov T, Guntenspergen GR, Millett, BV (2007) Model 1314 
estimation of land-use effects on water levels of northern prairie wetlands. Ecological 1315 
Applications 17:527-540. 1316 
 1317 
Walston LJ, Mullin SJ (2007) Reponse of a pond-breeding amphibian community to the 1318 
experimental removal of predatory fish. American Midland Naturalist 1319 
 1320 
Whittaker, Likens (1973) Primary production: the biosphere and man. Human Ecology 1321 
1:357-69. 1322 
 1323 
Woodcock TS, Monaghan MC, Alexander KE (2010) Ecosystem characteristics and summer 1324 
secondary production in stormwater ponds and reference wetlands. Wetlands 30:461- 1325 
474. 1326 
 1327 
Zedler JB, Kercher S (2005) Wetland Resources: Status, trends, ecosystem services, and 1328 
restorability. Annulal Review of Environmental Resources 30:39-74. 1329 
  
 
44 
 1330 
Zimmer KD, Hanson MA, Butler MG (2000) Factors influencing invertebrate 1022 1331 
communities in prairie wetlands: a multivariate approach. Canadian Journal of 1023 1332 
Fisheries and Aquatic Sciences 57:76-85.  1333 
 1334 
Zimmer KD, Hanson MA, Butler MG (2001). Effects of fathead minnow colonization and 1335 
removal on a prairie wetland ecosystem. Ecosystems 4: 346-357. 1336 
 1337 
Zimmer KD, Hanson MA, Butler MG (2002) Effects of fathead minnows and restoration on 1338 
prairie wetland ecosystems 47:2071-2086. 1339 
 1340 
Zimmer KD, Herwig BR, Laurich LM (2006) Nutrient excretion by fish in wetland 1341 
ecosystems and its potential to support algal production. Limnology and 1342 
Oceanography 51:197-207 1343 
 1344 
 1345 
 1346 
 1347 
 1348 
 1349 
 1350 
 1351 
 1352 
 1353 
 1354 
 1355 
 1356 
 1357 
 1358 
 1359 
  
 
45 
BIOGRAPHICAL SKETCH 1360 
 1361 
Kristine Maurer was born on April 7, 1987 in St. Cloud, MN.  She received her 1362 
Bachelor’s degree in biology and minor in chemistry from the University of St. Thomas (St. 1363 
Paul, MN) in 2009.  Prior to attending graduate school at Iowa State University she worked 1364 
as a technician in the department of Ecology, Evolution, and Behavior at the University of 1365 
Minnesota and was a conservation intern with the Catalina Island Habitat Improvement and 1366 
Restoration Program (CHIRP) on Catalina Island, CA.  As a Graduate student at Iowa State 1367 
University, IA (2010-2013), she was a teaching and research assistant in the Department of 1368 
Natural Resource Ecology and Management.  Kristine was inducted in the Iowa Beta Chapter 1369 
of Gamma Sigma Delta (Honor Society of Agriculture) and was an active member in the 1370 
NREM Graduate Student Organization (GSO) (seminar committee and Errington Lecture 1371 
committee) and Aquatic Reading Group.  She also participated as a ghost editor and 1372 
contributing author for the departmental publication, Field Notes.   1373 
 1374 
 1375 
 1376 
 1377 
 1378 
 1379 
 1380 
 1381 
 1382 
  
 
46 
TABLES AND FIGURES 1383 
 1384 
Table 1. Statistics for measured features in semipermanent/permanent prairie pothole 1385 
wetlands of Iowa (n=34).  Biomass was measured as wet weight of living organisms unless 1386 
otherwise noted.    1387 
Variable Mean SD Range of values 
Wetland morphometry    
   Surface area (ha) 2.0 2.0 0.1-9.6 
   Maximum depth (cm) 103 40 52-196 
   Mean depth (cm) 62 17 38-105 
Fish assemblage    
   Total fish biomass (kg) 7.6 21.6 0-98.0 
   Large-bodied fish biomass (kg) 6.8 21.6 0-97.5 
   Large benthivorous fish biomass (kg) 5.7 21.3 0-97.5 
   Small-bodied fish biomass (kg) 0.8 2.0 0-1.5 
Salt contamination     
   Chloride (mg/L) 5.3 5.6 0.0-20.0 
   Conductivity (µs/cm) 307.0 86.7 173.1-498.8 
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Table 1. continued    
Variable Mean SD Range of values 
Trophic state     
   Turbidity (NTU) 14.3 28.2 1.8-132.4 
   Total suspended solids (mg/L) 16.7 30.1 0.3-146.7 
   Chlorophyll a (µg/L) 51.8 94.3 3.3-415.0 
Total nitrogen (mg/L) 1.9 1.2 0.7-6.4 
   Total phosphorus (mg/L) 0.25 0.25 0.04-0.89 
Plant assemblage    
   Plant cover (%) 82.8 28.5 <1-100 
   Plant/CPOM (g dry weight/m
3
) 621.7 355.8 32.4-1,741.0 
   Plant taxon richness (taxa/wetland) 9.5 3.3 1-17 
Tiger salamander population    
   Tiger salamander biomass (kg) 0.18 0.33 0-1.53 
Invertebrate assemblage    
   Total invertebrate biomass (g AFDW/m
3
) 5.2 3.3 0.3-12.3 
   Invertebrate taxon richness (taxa/wetland) 22.3 3.9 11-30 
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Table 2. Invertebrate taxon densities in study wetlands (n =3 4).  Densities (overall mean 1388 
with SD in parentheses) were reported per volumetric area sampled (number of 1389 
individuals/m
3
), including the bottom, water column, and water surface 1390 
Taxon Number/m
3
 
Phylum Nemata (nematodes) 439 (1,414) 
Phylum Mollusca (mollusks)  
  Class Gastropoda (gastropods)  
      Ancylidae (limpets) < 1 (1) 
      Lymnaeidae (lymnaeid snails) 36 (110) 
      Physidae (physid snails) 599 (1,268) 
      Planorbidae (planorbid snails) 1,489 (2,474) 
  Class Bivalvia (clams)  
      Pisidiidae (fingernail clams) 144 (709) 
Phylum Annelida (annelids)  
  Class Oligochaeta (oligochaetes) 12,876 (16,430) 
  Class Euhirudinea (leeches) 399 (492) 
Phylum Arthropoda (arthropods)  
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Table 2. continued  
Taxon Number/m
3
 
  Class Arachnida (arachnids)  
    Order Acariformes (water mites) 294 (677) 
  Class Entognatha (entognathans)  
      Entomobryidae (slender springtails) 5 (28) 
      Isotomidae (smooth springtails) <1 (3) 
      Sminthuridae (globular springtails) 5 (28) 
  Class Insecta (insects)  
    Order Ephemeroptera (mayflies)  
      Baetidae (small minnow mayflies) 380 (670) 
      Caenidae (small squaregill mayflies) 1,454 (2,097) 
    Order Odonata (dragonflies and damselflies)  
      Aeshnidae (darner dragonflies) 40 (115) 
      Libellulidae (skimmer dragonflies) 22 (88) 
      Calopterygidae (broadwinged damselflies) 157 (863) 
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Table 2. continued  
Taxon Number/m
3
 
      Coenagrionidae (narrowwinged damselflies) 684 (876) 
      Lestidae (spreadwinged damselflies) 2 (6) 
    Order Trichoptera (caddisflies)  
      Leptoceridae (longhorned casemaker caddisflies) 519 (1,301) 
      Phryganeidae (giant case maker caddisflies) 58 (254) 
    Order Lepidoptera (moths)  
      Crambidae (grass moths) 35 (92) 
    Order Hemiptera (true bugs)  
      Belostomatidae (giant water bugs) 2 (3) 
      Corixidae (water boatmen) 472 (830) 
      Hebridae (velvet water bugs) 16 (49) 
      Mesoveliidae (water treaders) 14 (55) 
      Notonectidae (backswimmers) 17 (38) 
      Pleidae (pygmy backswimmers) 1,041 (1,310) 
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Table 2. continued  
Taxon Number/m
3
 
      Chrysomelidae (leaf beetles) 51 (69) 
      Dytiscidae (predaceous diving beetles) 77 (135) 
      Gyrinidae (whirligig beetles) <1 (3) 
      Haliplidae (crawling water beetles) 86 (150) 
      Hydrophilidae (water scavenger beetles) 16 (49) 
    Order Diptera (flies)  
      Ceratopogonidae (biting midges) 441 (823) 
      Chaoboridae (phantom midges) 188 (450) 
      Chironomidae (non-biting midges) 8,678 (7,748) 
      Ephydridae (shore flies) 3 (19) 
      Psychodidae (moth flies) 7 (38) 
      Stratiomyidae (soldier flies) 11 (33) 
      Tabanidae (deerflies/horseflies) 3 (8) 
      Tipulidae (crane flies) 5 (28) 
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Table 2. continued  
Taxon Number/m
3
 
    Order Decapoda (crayfishes) 19 (101) 
    Order Isopoda (isopods)  
      Asellidae (aquatic sow bugs) 421 (1,485) 
  Class Ostracoda (ostracods) 3,072 (7,230) 
  Class Branchiopoda (branchiopods)  
      “Cladocera” (cladocerans) 5,629 (14,010) 
  Class Maxillopoda (maxillopods)  
    Order Calanoida (calanoid copepods) 490 (1,495) 
    Order Cyclopoida (cyclopod copepods) 5,607 (6,653) 
  
 1391 
 1392 
  1393 
 1394 
 Table 3. Pearson correlation coefficients (r) for associations between fish assemblage variables.   P/A = presence/absence, large 1395 
fish = large-bodied fish, benthivorous fish = large benthivorous fish, small fish = small-bodied fish.  Values in bold indicate 1396 
statistically significant associations (p ≤ 0.05).  1397 
Variable Fish P/A Total fish 
biomass 
Large fish 
P/A 
Large fish 
biomass 
Benthivorous 
fish P/A 
Benthivorous 
fish biomass 
Small 
fish P/A 
Fish P/A -       
Total fish biomass  0.83 -      
Large fish P/A 0.45 0.61 -     
Large fish biomass  0.42 0.67 0.94 -    
Benthivorous fish P/A 0.39 0.54 0.87 0.83 -   
Benthivorous fish biomass  0.36 0.60 0.80 0.88 0.92 -  
Small fish P/A 0.87 0.70 0.25 0.24 0.44 0.41 - 
Small fish biomass  0.74 0.79 0.14 0.17 0.30 0.32 0.85 
5
3
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Table 4. Pearson correlation coefficients (r) for associations between trophic state variables.  1398 
Values in bold indicate statistically significant associations (p ≤ 0.05). 1399 
Variable Turbidity TSS Chl a TN 
Total suspended solids (TSS) 0.77 -   
Chlorophyll a (Chl a) 0.75 0.90 -  
Total nitrogen (TN) 0.74 0.83 0.79 - 
Total phosphorus (TP) 0.64 0.86 0.80 0.80 
     
 1400 
 1401 
 1402 
 1403 
 1404 
 1405 
 1406 
 1407 
 1408 
 1409 
 1410 
 1411 
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Table 5. Regression statistics for causal relationships evaluated by path analysis.   Variables 1412 
and p-values in bold indicate statistically significant relationships. 1413 
Dependent variables 
Independent 
variables Coefficient SE p-value 
Total fish biomass Intercept -6.938 4.315  
    Model adj. R
2
 = 0.10, p = 0.043 Mean depth 5.107 2.419 0.043 
     
Turbidity 
    Model adj. R
2
 = 0.28, p = 0.003  
Intercept -1.219 1.09  
Mean depth 0.994 0.631 0.125 
Total fish biomass 0.117 0.043 0.011 
    
Plant cover 
    Model adj. R
2
 = 0.66, p < 0.0001 
     
     
Intercept 2.576 0.684  
Mean depth -0.484 0.391 0.225 
Total fish biomass -0.042 0.032 0.208 
Chloride 0.043 0.106 0.688 
Turbidity -0.547 0.106 <0.001 
    
Tiger salamander biomass 
    Model adj. R
2
 = 0.42, p = 0.0009 
     
     
 
Intercept 4.418 3.412  
Mean depth -1.971 1.639 0.239 
Total fish biomass -0.362 0.136 0.013 
Chloride -0.579 0.433 0.192 
Turbidity 0.594 0.601 0.331 
Plant cover 0.690 0.759 0.371 
    
Invertebrate biomass 
    Model adj. R
2
 = 0.14, p = 0.10 
     
      
 
Intercept 1.825 0.860  
Mean depth -0.495 0.413 0.241 
Total fish biomass -0.017 0.034 0.628 
Chloride -0.006 0.109 0.960 
Turbidity -0.183 0.152 0.238 
Plant cover -0.023 0.192 0.904 
    
Invertebrate taxon richness
 
 
Model adj. R
2
 = 0.51, p < 0.0001 
Intercept 1.0517 0.219  
Mean depth 0.044 0.105 0.677 
Total fish biomass 0.004 0.009 0.686 
Chloride -0.029 0.028 0.304 
 Turbidity 0.002 0.039 0.956 
 Plant cover 0.181 0.049 0.001 
 Table 6. Direct, indirect, and total effects (DE, IE, TE) of causal variables on dependent variables in path analysis.  Values in bold 
indicate statistically significant effects (p ≤ 0.05).  Total effects of plants are equivalent to their direct effects.   
Variables Depth Effect Fish effect Chloride effect Turbidity effect Plant effect 
 DE IE TE DE IE TE DE IE TE DE IE TE DE (TE) 
Total fish biomass 0.35 - 0.35 - - - - - - - - - - 
Turbidity 0.20 0.18 0.38 0.52 - 0.52 - - - - - - - 
Plant cover -0.14 -0.31 -0.45 -0.17 -0.34 -0.52 0.05 - 0.05 -0.66 - -0.66 - 
Tiger salamander 
biomass 
-0.20 -0.20 -0.40 -0.54 0.01 -0.53 -0.22 0.01 -0.21 0.26 -0.16 0.09 0.24 
Invertebrate biomass -0.23 -0.16 -0.38 -0.11 -0.16 -0.28 -0.01 -0.00 -0.01 -0.35 0.02 -0.33 -0.04 
Invertebrate taxon 
richness 
0.06 -0.36 -0.30 0.07 -0.44 -0.37 -0.15 0.04 -0.11 0.01 -0.57 -0.56 0.87 
 
 
 
 
 
5
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Fig. 1.  Map of Iowa and the study area. Points represent wetlands included in the study. 
 
Fig. 2.  Predicted causal relationships between prairie pothole wetland features (wetland 
morphometry, fish assemblage, salt contamination, trophic state, plant assemblage, 
invertebrate assemblage, tiger salamander abundance).  Boxes contain measured variables for 
each feature.  Arrows indicate predicted causal relationships, and extend from the group of 
causal variables at the arrow base to the affected variable(s). 
 
Fig. 3.  Path model explaining direct and indirect effects of wetland features on tiger 
salamander biomass and invertebrate biomass and taxon richness.  Values associated with 
arrows represent standardized regression (path) coefficients, and are equivalent to the direct 
effect of the independent variable on the dependent variable. Direct effects on invertebrate 
biomass are indicated in parentheses.  Values in bold indicate statistically significant direct 
effects (p < 0.05)    
 
Fig 4. Nonmetric multidimensional scaling (NMDS) plot of associations among invertebrate 
taxon densities and other wetland features.  Vectors are included for wetland variables that 
were significantly related to invertebrate densities (joint plot R
2
 ≥ 0.12, p ≤ 0.05).  Fish 
biomass = total fish biomass, Plant cover = total percent plant cover, Salamander = tiger 
salamander biomass.  Taxa represented by unlabeled points near vector origins include 
Euhirudinea, Oligochaeta, and Chironomidae.  Common names for invertebrate taxa are 
provided in Table 2.  
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APPENDIX 1. 
 
Names, locations, and management histories of wetlands included in this study (n = 34).  
Management history information was provided by G. Hanson (IDNR), R. Schwartz (Winnebago 
County Conservation Board), and F. Heinz (Cerro Gordo County Conservation Board).  In general, 
restoration activity involved removal or rerouting of drainage tiles and ditches.  More detailed 
management information was provided when available.  Superscripts associated with wetland names 
indicate the year that variables were measured (
a
 = 2010, 
b
 = 2011). 
Wetland UTM (X) UTM (Y) County Restoration activity 
 
Bailey Creek
 b
 463758.5 4755647.1 Cerro Gordo Restored in 2002 
Bluewing
a
 463849.1 4770820.5 Cerro Gordo No known activity  
C.A. Block
a
 449346.8 4801762.1 Winnebago Water control structures installed in 
early 1990s 
Christianson Taylor
a
 474196.5 4814864.4 Worth Restoration in early 2000s 
County Home Farm
b
 454401.5 4799545.0 Winnebago Restoration in early 2000s 
Eagle Flats
a
 440416.3 4779010.9 Hancock Restoration December 2002 
Elk Creek
a
 464398.6 4806153.8 Worth Restoration November 2001 
Gabrielson
a
 454457.9 4787551.9 Hancock Restoration 1987 or 1989 
Gladfelter 1
a
 436919.3 4783468.8 Hancock Restoration 1996 
Gladfelter 2
b
 436624.0 4783550.5 Hancock Restoration 1996 
Gladfelter 3
b
 437103.8 4784258.1 Hancock Restoration 2004 
Good Neighbor 1
b
 437870.6 4807105.8 Winnebago Water control structures installed in 
1950s or 1960s 
Good Neighbor 2
b
 438657.4 4806650.9 Winnebago Restoration 2001 
Hanlontown
a
 468311.8 4798504.7 Worth Restoration 2000 
Harmon Lake 1
a
 442558.4 4812197.4 Winnebago No known activity 
Harmon Lake 2
b
 442317.8 4812301.5 Winnebago Water control structures installed in 
1950s or 1960s 
Harmon Lake 3
b
 442493.2 4812459.9 Winnebago Water control structures installed in 
1950s or 1960s 
Haugen
a
 459673.2 4784852.4 Cerro Gordo Constructed in early 1980s  
Hoffman Prairie
a
 462880.7 4775814.4 Cerro Gordo No known activity 
Hogsback
b
 454548.3 4812363.9 Winnebago No known activity 
Larson Tweed
a
 457379.9 4814295.2 Winnebago Restoration in early 1990s 
Mallard Marsh
a
 461884.2 4787665.1 Cerro Gordo Constructed in late 1960s; water 
control structures installed  
Osmondson
a
 440080.6 4796792.0 Winnebago Dikes installed in early 2000s 
Pilot Knob
a
 455087.4 4789931.7 Winnebago Restoration in 1988 
Prairie Pothole 1
b
 459786.4 4788470.7 Cerro Gordo Restoration in 2002 
Prairie Pothole 2
b
 459971.5 4788613.4 Cerro Gordo Restoration in 2002 
Sandpiper
a
 460838.7 4787591.8 Cerro Gordo Restoration in 1995 
Teal Basin
a
 463883.0 4785093.3 Cerro Gordo Restoration in 1986 
Union Hills 1
a
 465066.6 4762246.8 Cerro Gordo Restoration in 1996 
Union Hills 2
a
 465317.3 4763084.1 Cerro Gordo Restoration in 1996 
Union Hills 3
b
 465529.2 4763302.7 Cerro Gordo Restoration in 1996 
Union Hills 4
b
 464738.9 4763217.4 Cerro Gordo Restoration in 1992 
Wild Goose
b
 461322.7 4782224.6 Cerro Gordo No known activity 
Wood Duck
b
 456145.4 4806175.4 Winnebago Restoration in 2007 
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APPENDIX 2. 
 
Values for physical and chemical features quantified within each wetland.  Where multiple values are 
listed for a variable at a site, the first value is the overall mean, and values in parentheses are mean 
values for each sampling date.  Asterisks indicate instances of equipment failure that resulted in fewer 
measurements than desired.  TSS = total susspended solids, TDS = total dissolved solids. 
Wetland  Wetland 
Area (ha) 
Depth Mean 
(cm) 
Maximum 
Depth (cm) 
Chloride (mg/L) 
Bailey Creek 
 
0.27 63 180 1.2 (1.2, 1.2, 1.3) 
Bluewing 9.57 40 54 17.7 (21.0, 14.0, 18.0) 
C.A. Block 3.00 49 67 15.7 (16.0, 16.0, 15.0) 
Christianson Taylor 2.94 10 180 7.6 (10.0, 6.7, 6.1) 
County Home Farm 2.45 60  196 4.1 (3.9, 3.9, 4.6) 
Eagle Flats 0.84 72  91 0.3 (1.0, 0.0, 0.0) 
Elk Creek 0.33 75  123 1.0 (0.0, 1.2, 1.7) 
Gabrielson 0.26 41  54 0.0 (0.0, 0.0, 0.0) 
Gladfelter 1 1.66 84  130 1.6 (1.6, 1.3, 1.9) 
Gladfelter 2 4.19 91  147 2.2 (2.3, 2.1, 2.3) 
Gladfelter 3 0.72 66  91 0.0 (0.0, 0.0, 0.0) 
Good Neighbor 1 0.42 83  143 0.0 (0.0, 0.0, 0.0) 
Good Neighbor 2 3.93 63  90 13.7 (13.0, 14.0, 14.0) 
Hanlontown 5.56 95  159 9.4 (9.6, 8.9, 9.7) 
Harmon Lake 1 0.95 58  81 7.6 (7.5, 7.5, 7.8) 
Harmon Lake 2 0.58 57  83 0.0 (0.0, 0.0, 0.0) 
Harmon Lake 3 2.11 62  89 7.5 (2.7, 2.7, 17.0) 
Haugen 0.09 41  66 10.1 (11.0, 9.4, 10.0) 
Hoffman Prairie 0.56 50  62 20.0 (18.0, 21.0, 21.0) 
Hogsback 0.90 67  84 6.2 (5.6, 6.8, 6.2) 
Larson Tweed 2.61 51 72 7.3 (5.8, 7.6, 8.4) 
Mallard Marsh 5.52 66  105 7.9 (6.7, 7.4, 9.7) 
Osmondson 0.73 38  52 8.6 (8.6, 8.1, 9.2) 
Pilot Knob 2.94 56  96 1.1 (2.1, 0.0, 1.1) 
Prairie Pothole 1 1.34 63 130 0.3 (0.0, 0.0, 1.0) 
Prairie Pothole 2 0.99 99  156 2.1 (2.0, 2.0, 2.2) 
Sandpiper 2.01 72  100 8.7 (9.1, 7.2, 9.8) 
Teal Basin 0.96 50 72 1.0 (0.0, 1.2, 1.7) 
Union Hills 1 1.39 46 71 1.7 (1.4, 1.5, 2.1) 
Union Hills 2 0.80 59 92 0.4 (0.0, 0.0, 1.3) 
Union Hills 3 0.47 52  150 0.0 (0.0, 0.0, 0.0) 
Union Hills 4 3.75 57 89 0.0 (0.0, 0.0, 0.0) 
Wild Goose 1.24 45 64 11.5 (6.4, 11.0, 17.0) 
Wood Duck 0.56 46  71 3.2 (2.7, 3.0, 4.0) 
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Wetland Conductivity (μs/cm) Turbidity (NTU) 
Bailey Creek 
 
  472.4 (485.0, 452.0, 480.4)   15.1 (10.8, 12.2, 22.4) 
Bluewing 317.3 (283.1, 361.3, 307.4) 5.5 (5.7, 5.0, 5.9) 
C.A. Block 452.6 (405.1, 472.7, 480.0) 8.4 (9.3, 9.0, 6.9) 
Christianson Taylor 270.1 (279.3, 262.3, 268.7) 24.5 (29.0, 17.6, 27.0) 
County Home Farm 252.7 (323.7, 250.4, 181.2) 10.9 (7.5, 6.7, 18.5) 
Eagle Flats 277.1 (287.7, 290.5, 252.9) 53.5 (56.5, 56.9, 46.9) 
Elk Creek 290.8 (263.7, 284.2, 321.4) 6.1 (11.9, 2.7, 3.8) 
Gabrielson 293.4 (276.9, 304.9, 298.4) 2.6 (3.2, 1.8, 2.9) 
Gladfelter 1 264.3 (270.1, 254.6, 268.3) 132.4 (113.7, 146.4, 137.1) 
Gladfelter 2 356.1 (376.3, 359.9, 332.1) 102.4 (65.5, 58.3, 183.5) 
Gladfelter 3 240.9 (277.6, 225.7, 216.3) 3.3 (1.7, 4.3, 3.7) 
Good Neighbor 1 264.7 (274.2, 242.5, 274.3) 3.9 (2.7, 4.2, 4.7) 
Good Neighbor 2 359.6 (363.7, 313.7, 398.5) 2.1 (1.6, 2.0, 2.6) 
Hanlontown 290.4 (282.5, 291.4, 297.2) 4.2 (3.6, 3.6, 5.4) 
Harmon Lake 1 292.5 (277.7, 287.7, 312.1) 2.7 (2.7, 3.5, 1.8) 
Harmon Lake 2 390.1 (387.8, 399.7, 382.9) 1.8 (2.0, 1.3, 2.1) 
Harmon Lake 3 364.0 (362.8, 373.5, 355.7) 2.3 (2.1, 2.2, 2.7) 
Haugen 460.5 (347.9, 515.1, 515.7) 25.4 (20.8, 14.1, 41.3) 
Hoffman Prairie 378.0 (407.2, 381.1, 345.9) 3.0 (2.1, 3.7, 3.2) 
Hogsback 361.0 (408.0, 350.2, 324.8) 5.5 (5.8, 6.3, 5.1) 
Larson Tweed 173.1 (166.8, 169.1, 183.4) 4.8 (5.2, 4.3, 4.9) 
Mallard Marsh 384.9 (337.5, 365.1, 449.2) 7.7 (4.1, 12.6, 6.5) 
Osmondson 499.8 (558.4, 397.3, 540.6) 6.8 (2.2, 13.1, 5.2) 
Pilot Knob 184.4 (193.8, 182.1, 177.1) 5.4 (6.2, 4.0, 6.2) 
Prairie Pothole 1 178.2 (197.4, 177.0, 160.0) 4.5 (5.3, 2.7, 5.5) 
Prairie Pothole 2 261.0 (212.9, 288.1, 282.0) 9.3 (8.7, 8.3, 11.0) 
Sandpiper 396.0 (414.8, 404.8, 368.5) 2.9 (2.2, 1.8, 4.8) 
Teal Basin 228.3 (222.5, 248.6, 213.8) 5.1 (3.7, 2.8, 8.7) 
Union Hills 1 255.1 (302.8, 244.5, 218.0) 3.0 (3.2, 2.7, 3.2) 
Union Hills 2 226.8 (242.3, 230.1, 205.0) 4.7 (6.9, 3.1, 4.2) 
Union Hills 3 255.2 (275.3, 265.5, 224.8) 7.4 (11.7, 7.2, 3.2) 
Union Hills 4 199.6 (183.7, 219.3, 192.7) 3.5 (2.5, 3.5, 4.5) 
Wild Goose 328.4 (363.7, 324.9, 296.6) 2.4 (1.4, 2.4, 3.4) 
Wood Duck 229.5 (298.8, 193.7, 196.0) 2.0 (2.2, 1.9, 1.9) 
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Wetland  TSS (mg/L) Chlorophyll a (μg/L) TDS (mg/L) 
Bailey Creek 
 
  9 (14, 6, 8) 35 (87, 12, 5)   303 (280, 310, 320) 
Bluewing 19 (8, 9, 40) 58 (47, 37, 89) 363 (410, 320, 360) 
C.A. Block 6 (6, 8, 5) 28 (38, 19, 26) 293 (300, 290, 290) 
Christianson Taylor 27 (29, 22, 30) 103 (100, 100, 110) 177 (200, 150, 180) 
County Home Farm 10 (4, 3, 22) 59 (8, 9, 160) 117 (110, 110, 130) 
Eagle Flats 42 (44, 34, 48) 82 (77, 70, 100) 173 (180, 160, 180) 
Elk Creek 2 (3, 2, 2) 6 (6, 4, 8) 223 (220, 200, 250) 
Gabrielson 1 (2, 0, 2) 4 (5, 2, 6) 187 (200, 180, 180) 
Gladfelter 1 93 (86, 94, 100) 277 (250, 270, 310) 220 (210, 220, 230) 
Gladfelter 2 147 (150, 140, 150) 307 (350, 340, 230) 233 (210, 230, 260) 
Gladfelter 3 3 (3, 2, 3) 4 (5, 5, 3) 133 (120, 140, 140) 
Good Neighbor 1 8 (13, 6, 6) 10 (7, 9, 13) 143 (130, 150, 150) 
Good Neighbor 2 2 (2, 1, 3) 9 (9, 9, 8) 220 (190, 230, 240) 
Hanlontown 2 (3, 0, 2) 4 (5, 4, 4) 153 (150, 150, 160) 
Harmon Lake 1 1 (1, 0, 2) 5 (5, 7, 3) 220 (210, 220, 230) 
Harmon Lake 2 4 (3, 6, 4) 4 (4, 6, 3) 287 (250, 310, 300) 
Harmon Lake 3 3 (3, 4, 2) 8 (8, 12, 3) 270 (250, 290, 270) 
Haugen 21 (24, 30, 8) 40 (57, 19, 45) 313 (320, 390, 330) 
Hoffman Prairie 1 (0, 2, 2) 6 (6, 6, 7) 203 (220, 210, 180) 
Hogsback 55 (10, 4, 150) 75 (34, 10, 180) 280 (240, 300, 300) 
Larson Tweed 16 (48, 0, 1) 6 (13, 2, 3) 123 (110, 120, 140) 
Mallard Marsh 8 (10, 8, 6) 30 (12, 51, 28) 270 (260, 250, 300) 
Osmondson 8 (10, 2, 12) 23 (29, 8, 31) 330 (320, 310, 360) 
Pilot Knob 2 (4, 2, 1) 9 (12, 10, 6) 193 (180, 190, 210) 
Prairie Pothole 1 10 (13, 4, 13) 70 (110, 23, 78) 123 (110, 120, 140) 
Prairie Pothole 2 43 (12, 94, 24) 415 (85, 1,000, 160) 150 (140, 160, 150) 
Sandpiper 7 (10, 6, 5) 20 (12, 25, 22) 277 (270, 260, 300) 
Teal Basin 3 (2, 2, 6) 18 (5, 12, 36) 167 (120, 170, 210) 
Union Hills 1 2 (0, 2, 5) 7 (3, 7, 12) 150 (160, 150, 140) 
Union Hills 2 0 (0, 1, 0) 3 (2, 5, 3) 123 (110, 140, 120) 
Union Hills 3 1 (1, 0, 2) 4 (6, 3, 3) 150 (150, 150, 150) 
Union Hills 4 2 (2, 2, 1) 4 (3, 7, 3) 143 (140, 150, 140) 
Wild Goose 6 (5, 4, 8) 25 (42, 8, 24) 217 (190, 210, 250) 
Wood Duck 1 (0, 1, 3) 4 (4, 4, 4) 183 (170, 180, 200) 
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Wetland  Total nitrogen 
(mg/L) 
Total phosphorus 
(mg/L) 
Temperature (°C) 
Bailey Creek 
 
  1.1 (1.2, 0.8, 1.3)   0.09 (0.13, 0.08, 0.06)   20.0 (15.7, 20.8, 23.4) 
Bluewing 2.5 (2.1, 1.7, 3.8) 0.78 (0.67, 0.68, 1.00) 25.0 (19.2, 28.8, 26.9) 
C.A. Block 1.6 (1.7, 1.7, 1.3) 0.33 (0.46, 0.22, 0.30) 22.3 (19.4, 27.1, 20.5) 
Christianson Taylor 2.6 (2.8, 2.0, 3.1) 0.47 (0.58, 0.37, 0.45) 25.5 (26.7, 21.2, 28.5) 
County Home Farm 1.6 (1.4, 1.3, 2.2) 0.14 (0.12, 0.09, 0.22) 22.1 (20.1, 27.9, 18.2) 
Eagle Flats 2.2 (2.0, 2.4, 2.1) 0.36 (0.32, 0.43, 0.34) 23.0 (24.8, 19.4, 24.8) 
Elk Creek 0.7 (0.7, 1.1, 0.4) 0.05 (0.04, 0.04, 0.06) 24.8 (24.1, 21.9, 28.5) 
Gabrielson 1.3 (1.8, 0.8, 1.3) 0.07 (0.05, 0.07, 0.08) 24.1 (26.5, 25.6, 20.2) 
Gladfelter 1 6.4 (5.5, 5.8, 7.8) 0.74 (0.70, 0.73, 0.80) 24.7 (24.4, 26.2, 23.5) 
Gladfelter 2 5.7 (6.8, 6.4, 3.8) 0.89 (0.82, 0.86, 1.00) 23.3 (21.7, 28.9, 19.3) 
Gladfelter 3 1.1 (0.8, 1.1, 1.3) 0.10 (0.09, 0.13, 0.07) 22.0 (20.8, 26.4, 18.9) 
Good Neighbor 1 1.1 (0.8, 1.1, 1.5) 0.08 (0.09, 0.06, 0.08) 21.5 (21.8, 25.6, 16.9) 
Good Neighbor 2 1.4 (1.1, 1.4, 1.6) 0.11 (0.10, 0.09, 0.15) 21.0 (22.4, 23.8, 16.7) 
Hanlontown 0.8 (0.9, 0.6, 0.8) 0.04 (0.04, 0.05, 0.04) 24.7 (26.1, 24.0, 24.0) 
Harmon Lake 1 1.3 (1.3, 1.0, 1.5) 0.05 (0.04, 0.06, 0.04) 24.9 (26.8, 20.5, 27.5) 
Harmon Lake 2 1.1 (1.1, 0.9, 1.2) 0.04 (0.03, 0.06, 0.03) 19.7 (20.6, 20.2, 18.4) 
Harmon Lake 3 1.1 (0.7, 1.2, 1.4) 0.05 (0.05, 0.07, 0.03) 20.1 (20.8, 21.1, 18.6) 
Haugen 2.8 (1.9, 5.1, 1.3) 0.36 (0.58, 0.33, 0.16) 23.8 (25.6, 22.4, 23.4) 
Hoffman Prairie 1.0 (1.1, 0.6, 1.2) 0.05 (0.04, 0.04, 0.06) 20.6 (20.0, 18.1, 23.9) 
Hogsback 3.0 (2.0, 1.6, 5.4) 0.59 (0.40, 0.44, 0.94) 22.1 (20.9, 21.9, 23.5) 
Larson Tweed 1.4 (1.7, 1.5, 1.1) 0.37 (0.44, 0.32, 0.34) 24.0 (21.3, 23.6, 27.0) 
Mallard Marsh 1.5 (1.2, 1.4, 1.8) 0.40 (0.37, 0.43, 0.40) 26.7 (21.9, 20.8, 24.0) 
Osmondson 3.1 (3.7, 4.2, 1.5) 0.21 (0.17, 0.05, 0.41) 20.3 (19.2, 22.2, 19.4) 
Pilot Knob 1.6 (2.0, 1.6, 1.2) 0.11 (0.13, 0.10, 0.10) 23.4 (22.2, 21.2, 26.8) 
Prairie Pothole 1 1.5 (1.8, 1.0, 1.7) 0.14 (0.19, 0.08, 0.16) 22.2 (23.6, 23.5, 19.4) 
Prairie Pothole 2 2.8 (1.8, 4.4, 2.1) 0.69 (0.24, 1.50, 0.34) 21.9 (19.5, 23.5, 27.8) 
Sandpiper 1.4 (1.0, 1.4, 1.4) 0.59 (0.54, 0.74, 0.50) 21.6 (18.4, 23.2, 23.0) 
Teal Basin 1.2 (0.7, 1.0, 1.8) 0.08 (0.04, 0.07, 0.13) 27.2 (23.4, 30.4, 27.7) 
Union Hills 1 1.4 (1.4, 1.3, 1.5) 0.14 (0.12, 0.16, 0.14) 23.0 (24.2, 20.8, 24.0) 
Union Hills 2 1.0 (0.6, 0.8, 1.5) 0.09 (0.07, 0.11, 0.09) 23.3 (23.8, 21.7, 24.2) 
Union Hills 3 1.2 (1.3, 0.9, 1.3) 0.08 (0.11, 0.06, 0.06) 22.6 (24.0, 18.9, 24.9) 
Union Hills 4 1.4 (1.4, 1.4, 1.3) 0.09 (0.12, 0.08, 0.08) 20.7 (21.8, 18.4, 22.0) 
Wild Goose 1.6 (1.9, 1.0, 2.0) 0.10 (0.12, 0.09, 0.09) 18.5 (10.4, 22.1, 22.9) 
Wood Duck 1.9 (1.8, 1.5, 2.3) 0.06 (0.06, 0.06, 0.05) 19.2 (17.1, 19.9, 20.7) 
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Wetland Dissolved Oxygen (mg/L) pH 
Bailey Creek   2.9 (2.7, 3.0)* 7.7 (7.8, 7.6, 7.5) 
Bluewing 11.5 (6.3, 10.9, 17.4) 9.4 (9.2, 9.3, 9.8) 
C.A. Block 10.5 (8.6, 14.6, 8.2) 8.4 (8.4, 8.8, 8.2) 
Christianson Taylor 13.4 (13.1, 13.7)* 9.2 (9.0, 9.3, 9.3) 
County Home Farm 9.8 (6.1, 13.7, 9.7) 8.9 (8.1, 9.1, 9.6) 
Eagle Flats 6.8 (9.2, 6.6, 4.6) 8.0 (8.2, 8.1, 7.7) 
Elk Creek 11.4 (10.7, 10.9, 12.7) 8.4 (8.8, 8.2, 8.3) 
Gabrielson 7.4 (13.2, 4.6, 4.3) 8.5 (8.1, 9.5, 7.8) 
Gladfelter 1 10.5 (10.7, 9.7, 11.0) 8.4 (8.2, 8.7, 8.4) 
Gladfelter 2 11.2 (12.2, 13.5, 7.7) 8.7 (8.8, 8.9, 8.3) 
Gladfelter 3 12.7 (11.7, 17.0, 9.4) 9.4 (9.0, 10.0, 9.3) 
Good Neighbor 1 8.2 (11.6, 8.6, 4.5) 8.3 (8.6, 8.5, 7.7) 
Good Neighbor 2 8.2 (13.5, 6.6, 4.4) 8.8 (8.9, 9.3, 8.3) 
Hanlontown 13.8 (14.3, 12.8, 14.1) 8.5 (7.5, 9.1, 8.9) 
Harmon Lake 1 9.9 (13.2, 8.9, 7.7) 8.5 (8.9, 8.1, 8.4) 
Harmon Lake 2 6.7 (9.7, 5.8, 4.6) 7.9 (8.3, 7.7, 7.8) 
Harmon Lake 3 8.4 (10.4, 8.1, 6.7) 8.1 (8.4, 8.2, 7.7) 
Haugen 7.1 (15.4, 3.4, 2.5) 8.5 (8.9, 9.1, 7.5) 
Hoffman Prairie 7.0 (5.3, 3.7, 12.0) 8.1 (7.6, 8.3, 8.4) 
Hogsback 14.0 (14.3, 13.6)* 8.8 (9.0, 8.7, 8.7) 
Larson Tweed 12.3 (8.2, 12.5, 16.3) 9.3 (8.0, 9.4, 10.4) 
Mallard Marsh 5.7 (11.1, 4.7, 1.3) 8.4 (9.4, 7.5)* 
Osmondson 8.2 (12.0, 4.7, 7.9) 7.6 (7.9, 7.2, 7.8) 
Pilot Knob 10.3 (14.1, 7.2, 9.5) 9.1 (9.1, 8.5, 9.7) 
Prairie Pothole 1 12.5 (13.2, 14.1, 10.2) 9.4 (9.3, 9.6, 9.4) 
Prairie Pothole 2 1.7 (8.4, 12.1, 11.5) 8.7 (8.7, 8.8, 8.7) 
Sandpiper 5.5 (2.9, 8.0, 5.6) 8.1 (8.1, 8.2, 8.1) 
Teal Basin 15.6 (12.8, 17.6, 16.5) 9.7 (9.3, 9.8, 10.0) 
Union Hills 1 12.1 (15.5, 8.6)* 9.4 (9.1, 9.7, 9.4) 
Union Hills 2 13.0 (15.4, 10.7)* 9.9 (9.3, 10.3, 10.1) 
Union Hills 3 11.0 (11.0, 9.2, 12.8) 9.3 (9.3, 8.9, 9.6) 
Union Hills 4 9.1 (12.1, 4.2, 11.1) 9.3 (9.5, 8.9, 9.5) 
Wild Goose 11.0 (9.6, 12.4)* 8.4 (8.2, 9.0, 8.0) 
Wood Duck
 
 7.0 (9.3, 4.8)* 8.7 (8.4, 8.9, 8.8) 
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Average values of herbicides and degradates in each wetland.  “Not sampled,” indicates that 
the herbicide was not measured. 
Wetland 2,4-D (μg/L) 2,4-DB (μg/L) 2,4,5-T (μg/L) Acetochlor (μg/L) 
Bailey Creek 0.00 0.00 0.00 0.00 
Bluewing 0.00 0.00 0.00 Not sampled 
C.A. Block 0.00 0.00 0.00 Not sampled 
Christianson Taylor 0.00 0.00 0.00 0.00 
County Home Farm 0.00 0.00 0.00 0.00 
Eagle Flats 0.00 0.00 0.00 Not sampled 
Elk Creek 0.00 0.40 0.00 Not sampled 
Gabrielson 0.00 0.00 0.00 Not sampled 
Gladfelter 1 0.00 0.40 0.00 Not sampled 
Gladfelter 2 0.00 0.00 0.00 0.00 
Gladfelter 3 0.00 0.00 0.00 0.00 
Good Neighbor 1 0.00 0.00 0.00 0.00 
Good Neighbor 2 0.00 0.00 0.00 0.00 
Hanlontown 0.00 0.00 0.00 Not sampled 
Harmon Lake 1 0.00 0.00 0.00 Not sampled 
Harmon Lake 2 0.00 0.00 0.00 0.00 
Harmon Lake 3 0.00 0.00 0.00 0.00 
Haugen 0.00 0.00 0.00 Not sampled 
Hoffman Prairie 0.00 0.43 0.00 Not sampled 
Hogsback 0.00 0.00 0.00 0.02 
Larson Tweed 0.00 0.00 0.00 Not sampled 
Mallard Marsh 0.00 0.00 0.00 Not sampled 
Osmondson 0.00 1.93 0.00 Not sampled 
Pilot Knob 0.00 0.00 0.00 Not sampled 
Prairie Pothole 1 0.00 0.00 0.00 0.00 
Prairie Pothole 2 0.00 0.00 0.00 0.00 
Sandpiper 0.00 0.90 0.00 Not sampled 
Teal Basin 0.00 0.00 0.00 Not sampled 
Union Hills 1 0.00 0.00 0.00 0.00 
Union Hills 2 0.00 0.00 0.00 0.00 
Union Hills 3 1.23 0.00 0.00 Not sampled 
Union Hills 4 0.00 0.00 0.00 Not sampled 
Wild Goose 0.00 0.00 0.00 0.00 
Wood Duck
 
 0.00 0.00 0.00 0.00 
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Wetland  Acifluorfen (μg/L) Alachlor (μg/L) Ametryn (μg/L) Atrazine (μg/L) 
Bailey Creek 0.00 0.00 0.00 0.02 
Bluewing 0.00 Not sampled Not sampled Not sampled 
C.A. Block 0.00 Not sampled Not sampled Not sampled 
Christianson Taylor 0.00 0.00 0.00 0.00 
County Home Farm 0.00 0.00 0.00 0.05 
Eagle Flats 0.00 Not sampled Not sampled Not sampled 
Elk Creek 0.00 Not sampled Not sampled Not sampled 
Gabrielson 0.00 Not sampled Not sampled Not sampled 
Gladfelter 1 0.10 Not sampled Not sampled Not sampled 
Gladfelter 2 0.00 0.00 0.00 0.07 
Gladfelter 3 0.00 0.00 0.00 0.06 
Good Neighbor 1 0.00 0.00 0.00 0.03 
Good Neighbor 2 0.00 0.00 0.00 0.12 
Hanlontown 0.00 Not sampled Not sampled Not sampled 
Harmon Lake 1 0.00 Not sampled Not sampled Not sampled 
Harmon Lake 2 0.00 0.00 0.00 0.00 
Harmon Lake 3 0.00 0.00 0.00 0.00 
Haugen 0.00 Not sampled Not sampled Not sampled 
Hoffman Prairie 0.10 Not sampled Not sampled Not sampled 
Hogsback 0.00 0.00 0.00 0.06 
Larson Tweed 0.00 Not sampled Not sampled Not sampled 
Mallard Marsh 0.00 Not sampled Not sampled Not sampled 
Osmondson 0.30 Not sampled Not sampled Not sampled 
Pilot Knob 0.00 Not sampled Not sampled Not sampled 
Prairie Pothole 1 0.00 0.00 0.00 0.09 
Prairie Pothole 2 0.00 0.00 0.00 0.06 
Sandpiper 0.00 Not sampled Not sampled Not sampled 
Teal Basin 0.00 Not sampled Not sampled Not sampled 
Union Hills 1 0.00 0.00 0.00 0.06 
Union Hills 2 0.00 0.00 0.00 0.05 
Union Hills 3 0.77 Not sampled Not sampled Not sampled 
Union Hills 4 0.00 Not sampled Not sampled Not sampled 
Wild Goose 0.00 0.00 0.00 0.24 
Wood Duck
 
 0.00 0.00 0.00 0.00 
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Wetland  Bentazon (μg/L) Bromacil (μg/L) Bromoxynil (μg/L) 
Bailey Creek 
 
0.00 0.00 0.00 
Bluewing 0.00 Not sampled 0.00 
C.A. Block 0.00 Not sampled 0.00 
Christianson Taylor 0.00 0.00 0.00 
County Home Farm 0.00 0.00 0.00 
Eagle Flats 0.00 Not sampled 0.00 
Elk Creek 0.00 Not sampled 0.00 
Gabrielson 0.00 Not sampled 0.00 
Gladfelter 1 0.00 Not sampled 0.00 
Gladfelter 2 0.00 0.00 0.00 
Gladfelter 3 0.00 0.00 0.00 
Good Neighbor 1 0.00 0.00 0.00 
Good Neighbor 2 0.00 0.00 0.00 
Hanlontown 0.00 Not sampled 0.00 
Harmon Lake 1 0.00 Not sampled 0.00 
Harmon Lake 2 0.00 0.00 0.00 
Harmon Lake 3 0.00 0.00 0.00 
Haugen 0.00 Not sampled 0.00 
Hoffman Prairie 0.00 Not sampled 0.20 
Hogsback 0.00 0.00 0.00 
Larson Tweed 0.00 Not sampled 0.00 
Mallard Marsh 0.00 Not sampled 0.00 
Osmondson 0.00 Not sampled 0.00 
Pilot Knob 0.00 Not sampled 0.00 
Prairie Pothole 1 0.00 0.00 0.00 
Prairie Pothole 2 0.00 0.00 0.00 
Sandpiper 0.00 Not sampled 0.00 
Teal Basin 0.00 Not sampled 0.00 
Union Hills 1 0.00 0.00 0.00 
Union Hills 2 0.00 0.00 0.00 
Union Hills 3 0.00 Not sampled 0.20 
Union Hills 4 0.00 Not sampled 0.00 
Wild Goose 0.00 0.00 0.00 
Wood Duck
 
 0.00 0.00 0.00 
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Wetland  Butachlor (μg/L) Butylate (μg/L) Carbaryl (μg/L) 
Bailey Creek 
 
0.00 0.00 0.00 
Bluewing Not sampled Not sampled Not sampled 
C.A. Block Not sampled Not sampled Not sampled 
Christianson Taylor 0.00 0.00 0.00 
County Home Farm 0.00 0.00 0.00 
Eagle Flats Not sampled Not sampled Not sampled 
Elk Creek Not sampled Not sampled Not sampled 
Gabrielson Not sampled Not sampled Not sampled 
Gladfelter 1 Not sampled Not sampled Not sampled 
Gladfelter 2 0.00 0.00 0.00 
Gladfelter 3 0.00 0.00 0.00 
Good Neighbor 1 0.00 0.00 0.00 
Good Neighbor 2 0.00 0.00 0.00 
Hanlontown Not sampled Not sampled Not sampled 
Harmon Lake 1 Not sampled Not sampled Not sampled 
Harmon Lake 2 0.00 0.00 0.00 
Harmon Lake 3 0.00 0.00 0.00 
Haugen Not sampled Not sampled Not sampled 
Hoffman Prairie Not sampled Not sampled Not sampled 
Hogsback 0.00 0.00 0.00 
Larson Tweed Not sampled Not sampled Not sampled 
Mallard Marsh Not sampled Not sampled Not sampled 
Osmondson Not sampled Not sampled Not sampled 
Pilot Knob Not sampled Not sampled Not sampled 
Prairie Pothole 1 0.00 0.00 0.00 
Prairie Pothole 2 0.00 0.00 0.00 
Sandpiper Not sampled Not sampled Not sampled 
Teal Basin Not sampled Not sampled Not sampled 
Union Hills 1 0.00 0.00 0.00 
Union Hills 2 0.00 0.00 0.00 
Union Hills 3 Not sampled Not sampled Not sampled 
Union Hills 4 Not sampled Not sampled Not sampled 
Wild Goose 0.00 0.00 0.00 
Wood Duck
 
 0.00 0.00 0.00 
 
 
 
 
 
 
 
 
 
  
72 
APPENDIX 3. continued 
 
Wetland Carbofuran (μg/L) Chloramben (μg/L) Chlorthal-dimethyl (μg/L) 
Bailey Creek 
 
0.00 0.00 0.00 
Bluewing Not sampled 0.00 0.00 
C.A. Block Not sampled 0.00 0.00 
Christianson Taylor 0.00 0.00 0.00 
County Home Farm 0.00 0.00 0.00 
Eagle Flats Not sampled 0.00 0.00 
Elk Creek Not sampled 0.00 0.00 
Gabrielson Not sampled 0.00 0.00 
Gladfelter 1 Not sampled 0.00 0.00 
Gladfelter 2 0.00 0.00 0.00 
Gladfelter 3 0.00 0.00 0.00 
Good Neighbor 1 0.00 0.00 0.00 
Good Neighbor 2 0.00 0.00 0.00 
Hanlontown Not sampled 0.00 0.00 
Harmon Lake 1 Not sampled 0.00 0.00 
Harmon Lake 2 0.00 0.00 0.00 
Harmon Lake 3 0.00 0.00 0.00 
Haugen Not sampled 0.00 0.00 
Hoffman Prairie Not sampled 0.00 0.00 
Hogsback 0.00 0.00 0.00 
Larson Tweed Not sampled 0.00 0.00 
Mallard Marsh Not sampled 0.00 0.00 
Osmondson Not sampled 0.00 0.00 
Pilot Knob Not sampled 0.00 0.00 
Prairie Pothole 1 0.00 0.00 0.00 
Prairie Pothole 2 0.00 0.00 0.00 
Sandpiper Not sampled 0.00 0.00 
Teal Basin Not sampled 0.00 0.00 
Union Hills 1 0.00 0.00 0.00 
Union Hills 2 0.00 0.00 0.00 
Union Hills 3 Not sampled 0.00 0.00 
Union Hills 4 Not sampled 0.00 0.00 
Wild Goose 0.00 0.00 0.00 
Wood Duck
 
 0.00 0.00 0.00 
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APPENDIX 3. continued 
 
Wetland  Clomazone (μg/L) Cyanazine (μg/L) Dalapon (μg/L) 
Bailey Creek 
 
0.00 0.00 0.00 
Bluewing Not sampled Not sampled 0.00 
C.A. Block Not sampled Not sampled 0.00 
Christianson Taylor 0.00 0.00 0.00 
County Home Farm 0.00 0.00 0.00 
Eagle Flats Not sampled Not sampled 0.00 
Elk Creek Not sampled Not sampled 0.00 
Gabrielson Not sampled Not sampled 0.00 
Gladfelter 1 Not sampled Not sampled 0.00 
Gladfelter 2 0.00 0.00 0.00 
Gladfelter 3 0.00 0.00 0.00 
Good Neighbor 1 0.00 0.00 0.00 
Good Neighbor 2 0.00 0.00 0.00 
Hanlontown Not sampled Not sampled 0.00 
Harmon Lake 1 Not sampled Not sampled 0.00 
Harmon Lake 2 0.00 0.00 0.00 
Harmon Lake 3 0.00 0.00 0.00 
Haugen Not sampled Not sampled 0.00 
Hoffman Prairie Not sampled Not sampled 0.00 
Hogsback 0.00 0.00 0.00 
Larson Tweed Not sampled Not sampled 0.00 
Mallard Marsh Not sampled Not sampled 0.00 
Osmondson Not sampled Not sampled 0.00 
Pilot Knob Not sampled Not sampled 0.00 
Prairie Pothole 1 0.00 0.00 0.00 
Prairie Pothole 2 0.00 0.00 0.00 
Sandpiper Not sampled Not sampled 0.00 
Teal Basin Not sampled Not sampled 0.00 
Union Hills 1 0.00 0.00 0.00 
Union Hills 2 0.00 0.00 0.00 
Union Hills 3 Not sampled Not sampled 0.00 
Union Hills 4 Not sampled Not sampled 0.00 
Wild Goose 0.00 0.00 0.00 
Wood Duck
 
 0.00 0.00 0.00 
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APPENDIX 3. continued 
 
Wetland Desethyl Atrazine (μg/L) Desisopropyl Atrazine (μg/L) Dicamba (μg/L) 
Bailey Creek 0.00 0.00 0.00 
Bluewing Not sampled Not sampled 0.00 
C.A. Block Not sampled Not sampled 0.00 
Christianson Taylor 0.00 0.00 0.00 
County Home Farm 0.02 0.00 0.00 
Eagle Flats Not sampled Not sampled 0.00 
Elk Creek Not sampled Not sampled 0.00 
Gabrielson Not sampled Not sampled 0.00 
Gladfelter 1 Not sampled Not sampled 0.00 
Gladfelter 2 0.00 0.00 0.00 
Gladfelter 3 0.02 0.00 0.00 
Good Neighbor 1 0.02 0.00 0.00 
Good Neighbor 2 0.00 0.00 0.00 
Hanlontown Not sampled Not sampled 0.00 
Harmon Lake 1 Not sampled Not sampled 0.00 
Harmon Lake 2 0.00 0.00 0.00 
Harmon Lake 3 0.00 0.00 0.00 
Haugen Not sampled Not sampled 0.00 
Hoffman Prairie Not sampled Not sampled 0.00 
Hogsback 0.02 0.00 0.00 
Larson Tweed Not sampled Not sampled 0.00 
Mallard Marsh Not sampled Not sampled 0.00 
Osmondson Not sampled Not sampled 0.00 
Pilot Knob Not sampled Not sampled 0.00 
Prairie Pothole 1 0.02 0.00 0.00 
Prairie Pothole 2 0.00 0.00 0.00 
Sandpiper Not sampled Not sampled 0.00 
Teal Basin Not sampled Not sampled 0.00 
Union Hills 1 0.05 0.00 0.00 
Union Hills 2 0.02 0.00 0.00 
Union Hills 3 Not sampled Not sampled 0.00 
Union Hills 4 Not sampled Not sampled 0.00 
Wild Goose 0.07 0.00 0.00 
Wood Duck
 
 0.00 0.00 0.00 
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APPENDIX 3. continued 
 
Wetland Dichlorprop (μg/L) Dinoseb (μg/L) Dinoseb (μg/L) 
Bailey Creek 
 
0.00 0.00 0.00 
Bluewing 0.00 0.00 Not sampled 
C.A. Block 0.00 0.00 Not sampled 
Christianson Taylor 0.00 0.00 0.00 
County Home Farm 0.00 0.00 0.00 
Eagle Flats 0.00 0.00 Not sampled 
Elk Creek 0.00 0.00 Not sampled 
Gabrielson 0.00 0.00 Not sampled 
Gladfelter 1 0.00 0.00 Not sampled 
Gladfelter 2 0.00 0.00 0.00 
Gladfelter 3 0.00 0.00 0.00 
Good Neighbor 1 0.00 0.00 0.00 
Good Neighbor 2 0.00 0.00 0.00 
Hanlontown 0.00 0.00 Not sampled 
Harmon Lake 1 0.00 0.00 Not sampled 
Harmon Lake 2 0.00 0.00 0.00 
Harmon Lake 3 0.00 0.00 0.00 
Haugen 0.00 0.00 Not sampled 
Hoffman Prairie 0.00 0.00 Not sampled 
Hogsback 0.00 0.00 0.00 
Larson Tweed 0.00 0.00 Not sampled 
Mallard Marsh 0.00 0.00 Not sampled 
Osmondson 89.33 0.00 Not sampled 
Pilot Knob 0.00 0.00 Not sampled 
Prairie Pothole 1 0.00 0.00 0.00 
Prairie Pothole 2 0.00 0.00 0.00 
Sandpiper 0.00 0.00 Not sampled 
Teal Basin 0.00 0.00 Not sampled 
Union Hills 1 0.00 0.00 0.00 
Union Hills 2 0.00 0.00 0.00 
Union Hills 3 0.00 0.00 Not sampled 
Union Hills 4 0.00 0.00 Not sampled 
Wild Goose 0.00 0.00 0.00 
Wood Duck
 
 0.00 0.00 0.00 
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APPENDIX 3. continued 
 
Wetland  EPTC (μg/L) Metolachlor (μg/L) Metribuzin (μg/L) 
Bailey Creek 
 
0.00 0.00 0.00 
Bluewing Not sampled Not sampled Not sampled 
C.A. Block Not sampled Not sampled Not sampled 
Christianson Taylor 0.00 0.00 0.00 
County Home Farm 0.00 0.00 0.00 
Eagle Flats Not sampled Not sampled Not sampled 
Elk Creek Not sampled Not sampled Not sampled 
Gabrielson Not sampled Not sampled Not sampled 
Gladfelter 1 Not sampled Not sampled Not sampled 
Gladfelter 2 0.00 0.00 0.00 
Gladfelter 3 0.00 0.00 0.00 
Good Neighbor 1 0.00 0.00 0.00 
Good Neighbor 2 0.00 0.00 0.00 
Hanlontown Not sampled Not sampled Not sampled 
Harmon Lake 1 Not sampled Not sampled Not sampled 
Harmon Lake 2 0.00 0.00 0.00 
Harmon Lake 3 0.00 0.00 0.00 
Haugen Not sampled Not sampled Not sampled 
Hoffman Prairie Not sampled Not sampled Not sampled 
Hogsback 0.00 0.14 0.00 
Larson Tweed Not sampled Not sampled Not sampled 
Mallard Marsh Not sampled Not sampled Not sampled 
Osmondson Not sampled Not sampled Not sampled 
Pilot Knob Not sampled Not sampled Not sampled 
Prairie Pothole 1 0.00 0.00 0.00 
Prairie Pothole 2 0.00 0.00 0.00 
Sandpiper Not sampled Not sampled Not sampled 
Teal Basin Not sampled Not sampled Not sampled 
Union Hills 1 0.00 0.00 0.00 
Union Hills 2 0.00 0.00 0.00 
Union Hills 3 Not sampled Not sampled Not sampled 
Union Hills 4 Not sampled Not sampled Not sampled 
Wild Goose 0.00 0.00 0.00 
Wood Duck
 
 0.00 0.00 0.00 
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APPENDIX 3. continued 
 
Wetland Pendimethalin (μg/L) Pentachlorophenol (μg/L) Picloram (μg/L) 
Bailey Creek 
 
0.00 0.00 0.00 
Bluewing Not sampled 0.00 0.00 
C.A. Block Not sampled 0.00 0.00 
Christianson Taylor 0.00 0.00 0.00 
County Home Farm 0.00 0.00 0.00 
Eagle Flats Not sampled 0.00 0.00 
Elk Creek Not sampled 0.00 0.00 
Gabrielson Not sampled 0.00 0.00 
Gladfelter 1 Not sampled 0.00 0.00 
Gladfelter 2 0.00 0.00 0.00 
Gladfelter 3 0.00 0.00 0.00 
Good Neighbor 1 0.00 0.00 0.00 
Good Neighbor 2 0.00 0.00 0.00 
Hanlontown Not sampled 0.00 0.00 
Harmon Lake 1 Not sampled 0.00 0.00 
Harmon Lake 2 0.00 0.00 0.00 
Harmon Lake 3 0.00 0.00 0.00 
Haugen Not sampled 0.00 0.00 
Hoffman Prairie Not sampled 0.00 0.00 
Hogsback 0.00 0.00 0.00 
Larson Tweed Not sampled 0.00 0.00 
Mallard Marsh Not sampled 0.00 0.00 
Osmondson Not sampled 0.00 0.00 
Pilot Knob Not sampled 0.00 0.00 
Prairie Pothole 1 0.00 0.00 0.00 
Prairie Pothole 2 0.000 0.00 0.00 
Sandpiper Not sampled 0.00 0.00 
Teal Basin Not sampled 0.00 0.00 
Union Hills 1 0.00 0.00 0.00 
Union Hills 2 0.00 0.00 0.00 
Union Hills 3 Not sampled 0.00 0.00 
Union Hills 4 Not sampled 0.00 0.00 
Wild Goose 0.00 0.00 0.00 
Wood Duck
 
 0.00 0.00 0.00 
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APPENDIX 3. continued 
 
Wetland  Prometon (μg/L) Propachlor (μg/L) Propazine (μg/L) 
Bailey Creek 
 
0.00 0.00 0.00 
Bluewing Not sampled Not sampled Not sampled 
C.A. Block Not sampled Not sampled Not sampled 
Christianson Taylor 0.00 0.00 0.00 
County Home Farm 0.00 0.00 0.00 
Eagle Flats Not sampled Not sampled Not sampled 
Elk Creek Not sampled Not sampled Not sampled 
Gabrielson Not sampled Not sampled Not sampled 
Gladfelter 1 Not sampled Not sampled Not sampled 
Gladfelter 2 0.00 0.00 0.00 
Gladfelter 3 0.00 0.00 0.00 
Good Neighbor 1 0.00 0.00 0.00 
Good Neighbor 2 0.00 0.00 0.00 
Hanlontown Not sampled Not sampled Not sampled 
Harmon Lake 1 Not sampled Not sampled Not sampled 
Harmon Lake 2 0.00 0.00 0.00 
Harmon Lake 3 0.00 0.00 0.00 
Haugen Not sampled Not sampled Not sampled 
Hoffman Prairie Not sampled Not sampled Not sampled 
Hogsback 0.00 0.00 0.00 
Larson Tweed Not sampled Not sampled Not sampled 
Mallard Marsh Not sampled Not sampled Not sampled 
Osmondson Not sampled Not sampled Not sampled 
Pilot Knob Not sampled Not sampled Not sampled 
Prairie Pothole 1 0.00 0.00 0.00 
Prairie Pothole 2 0.00 0.00 0.00 
Sandpiper Not sampled Not sampled Not sampled 
Teal Basin Not sampled Not sampled Not sampled 
Union Hills 1 0.00 0.00 0.00 
Union Hills 2 0.00 0.00 0.00 
Union Hills 3 Not sampled Not sampled Not sampled 
Union Hills 4 Not sampled Not sampled Not sampled 
Wild Goose 0.00 0.00 0.00 
Wood Duck
 
 0.00 0.00 0.00 
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APPENDIX 3. continued 
 
Wetland  Silvex (μg/L) Simazine (μg/L) Triallate (μg/L) 
Bailey Creek 
 
0.00 0.00 0.00 
Bluewing 0.00 Not sampled Not sampled 
C.A. Block 0.00 Not sampled Not sampled 
Christianson Taylor 0.00 0.00 0.00 
County Home Farm 0.00 0.00 0.00 
Eagle Flats 0.00 Not sampled Not sampled 
Elk Creek 0.00 Not sampled Not sampled 
Gabrielson 0.00 Not sampled Not sampled 
Gladfelter 1 0.00 Not sampled Not sampled 
Gladfelter 2 0.00 0.00 0.00 
Gladfelter 3 0.00 0.00 0.00 
Good Neighbor 1 0.00 0.00 0.00 
Good Neighbor 2 0.00 0.00 0.00 
Hanlontown 0.00 Not sampled Not sampled 
Harmon Lake 1 0.00 Not sampled Not sampled 
Harmon Lake 2 0.00 0.00 0.00 
Harmon Lake 3 0.00 0.00 0.00 
Haugen 0.00 Not sampled Not sampled 
Hoffman Prairie 0.00 Not sampled Not sampled 
Hogsback 0.00 0.00 0.00 
Larson Tweed 0.00 Not sampled Not sampled 
Mallard Marsh 0.00 Not sampled Not sampled 
Osmondson 0.00 Not sampled Not sampled 
Pilot Knob 0.00 Not sampled Not sampled 
Prairie Pothole 1 0.00 0.00 0.00 
Prairie Pothole 2 0.00 0.00 0.00 
Sandpiper 0.00 Not sampled Not sampled 
Teal Basin 0.00 Not sampled Not sampled 
Union Hills 1 0.00 0.00 0.00 
Union Hills 2 0.00 0.00 0.00 
Union Hills 3 0.00 Not sampled Not sampled 
Union Hills 4 0.00 Not sampled Not sampled 
Wild Goose 0.00 0.00 0.00 
Wood Duck
 
 0.00 0.00 0.00 
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APPENDIX 3. continued 
 
Wetland  Triclopyr (μg/L) Trifluralin (μg/L) 
Bailey Creek 
 
0.00 0.00 
Bluewing 0.00 Not sampled 
C.A. Block 0.00 Not sampled 
Christianson Taylor 0.00 0.00 
County Home Farm 0.00 0.00 
Eagle Flats 0.00 Not sampled 
Elk Creek 0.00 Not sampled 
Gabrielson 0.00 Not sampled 
Gladfelter 1 0.00 Not sampled 
Gladfelter 2 0.00 0.00 
Gladfelter 3 0.00 0.00 
Good Neighbor 1 0.00 0.00 
Good Neighbor 2 0.00 0.00 
Hanlontown 0.17 Not sampled 
Harmon Lake 1 0.00 Not sampled 
Harmon Lake 2 0.00 0.00 
Harmon Lake 3 0.00 0.00 
Haugen 0.00 Not sampled 
Hoffman Prairie 0.50 Not sampled 
Hogsback 0.00 0.00 
Larson Tweed 0.00 Not sampled 
Mallard Marsh 0.00 Not sampled 
Osmondson 0.00 Not sampled 
Pilot Knob 0.00 Not sampled 
Prairie Pothole 1 0.00 0.00 
Prairie Pothole 2 0.00 0.00 
Sandpiper 0.00 Not sampled 
Teal Basin 0.00 Not sampled 
Union Hills 1 0.00 0.00 
Union Hills 2 0.00 0.00 
Union Hills 3 0.20 Not sampled 
Union Hills 4 0.00 Not sampled 
Wild Goose 0.00 0.00 
Wood Duck
 
 0.00 0.00 
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APPENDIX 4. 
 
Vertebrate abundance in wetlands.  The first value presented for each variable and wetland is the 
number of recorded individuals, and the value in parenthesis is recorded biomass (g). 
Wetland  Total Fish  Common carp 
(Cyprinus carpio)  
Black Bullhead 
(Ameiurus melas)  
Bailey Creek 
 
0 (0.0) 0 (0.0) 0 (0.0) 
Bluewing 9,471 (5,273.0) 0 (0.0) 0 (0.0) 
C.A. Block 47 (1,377.6) 1 (170.1) 1 (170.1) 
Christianson Taylor 68 (2,010.0) 0 (0.0) 16 (1,870.0) 
County Home Farm 60 (60.0) 0 (0.0) 0 (0.0) 
Eagle Flats 119 (11,280.9) 4 (2,276.3) 68 (8,920.9) 
Elk Creek 480 (1,190.6) 0 (0.0) 0 (0.0) 
Gabrielson 0 (0.0) 0 (0.0) 0 (0.0) 
Gladfelter 1 593 (97,955.2) 1 (489.3) 441 (97,040.9) 
Gladfelter 2 951 (81,807.0) 0 (0.0) 446 (80,387.0) 
Gladfelter 3 1 (2.4) 0 (0.0) 0 (0.0) 
Good Neighbor 1 0 (0.0) 0 (0.0) 0 (0.0) 
Good Neighbor 2 0 (0.0) 0 (0.0) 0 (0.0) 
Hanlontown 136 (27,206.3) 0 (0.0) 0 (0.0) 
Harmon Lake 1 512 (283.5) 0 (0.0) 0 (0.0) 
Harmon Lake 2 570 (496.0) 0 (0.0) 0 (0.0) 
Harmon Lake 3 2,194 (3,050.0) 0 (0.0) 0 (0.0) 
Haugen 252 (2,952.2) 0 (0.0) 93 (1,644.2) 
Hoffman Prairie 12 (204.9) 0 (0.0) 0 (0.0) 
Hogsback 78 (230.1) 0 (0.0) 1 (7.9) 
Larson Tweed 0 (0.0) 0 (0.0) 0 (0.0) 
Mallard Marsh 590 (8,906.8) 0 (0.0) 4 (1,162.2) 
Osmondson 1,221 (1,247.3) 0 (0.0) 0 (0.0) 
Pilot Knob 0 (0.0) 0 (0.0) 0 (0.0) 
Prairie Pothole 1 112 (140.0) 0 (0.0) 0 (0.0) 
Prairie Pothole 2 7,435 (10,191.0) 0 (0.0) 0 (0.0) 
Sandpiper 82 (668.8) 0 (0.0) 3 (348.4) 
Teal Basin 306 (907.1) 0 (0.0) 0 (0.0) 
Union Hills 1 0 (0.0) 0 (0.0) 0 (0.0) 
Union Hills 2 0 (0.0) 0 (0.0) 0 (0.0) 
Union Hills 3 0 (0.0) 0 (0.0) 0 (0.0) 
Union Hills 4 2 (2.4) 0 (0.0) 0 (0.0) 
Wild Goose 258 (790.0) 0 (0.0) 0 (0.0) 
Wood Duck
 
 0 (0.0) 0 (0.0) 0 (0.0) 
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APPENDIX 4. continued 
 
Wetland  Green sunfish  
(Lepomis cyanellus)  
Bluegill  
(Lepomis macrochirus)  
Largemouth bass 
(Micropterus salmoides)  
Bailey Creek 
 
0 (0.0) 0 (0.0) 0 (0.0) 
Bluewing 0 (0.0) 0 (0.0) 0 (0.0) 
C.A. Block 27 (1,010.2) 0 (0.0) 0 (0.0) 
Christianson Taylor 0 (0.0) 0 (0.0) 0 (0.0) 
County Home Farm 0 (0.0) 0 (0.0) 0 (0.0) 
Eagle Flats 1 (13.7) 0 (0.0) 0 (0.0) 
Elk Creek 0 (0.0) 0 (0.0) 0 (0.0) 
Gabrielson 0 (0.0) 0 (0.0) 0 (0.0) 
Gladfelter 1 0 (0.0) 0 (0.0) 0 (0.0) 
Gladfelter 2 0 (0.0) 0 (0.0) 0 (0.0) 
Gladfelter 3 0 (0.0) 0 (0.0) 0 (0.0) 
Good Neighbor 1 0 (0.0) 0 (0.0) 0 (0.0) 
Good Neighbor 2 0 (0.0) 0 (0.0) 0 (0.0) 
Hanlontown 6 (278.4) 122 (25,804.4) 8 (1,123.5) 
Harmon Lake 1 0 (0.0) 0 (0.0) 0 (0.0) 
Harmon Lake 2 0 (0.0) 0 (0.0) 0 (0.0) 
Harmon Lake 3 0 (0.0) 0 (0.0) 0 (0.0) 
Haugen 1 (28.4) 0 (0.0) 0 (0.0) 
Hoffman Prairie 12 (204.9) 0 (0.0) 0 (0.0) 
Hogsback 2 (23.0) 0 (0.0) 0 (0.0) 
Larson Tweed 0 (0.0) 0 (0.0) 0 (0.0) 
Mallard Marsh 287 (7,437.7) 0 (0.0) 0 (0.0) 
Osmondson 0 (0.0) 0 (0.0) 0 (0.0) 
Pilot Knob 0 (0.0) 0 (0.0) 0 (0.0) 
Prairie Pothole 1 0 (0.0) 0 (0.0) 0 (0.0) 
Prairie Pothole 2 0 (0.0) 0 (0.0) 0 (0.0) 
Sandpiper 38 (275.2) 0 (0.0) 0 (0.0) 
Teal Basin 0 (0.0) 0 (0.0) 0 (0.0) 
Union Hills 1 0 (0.0) 0 (0.0) 0 (0.0) 
Union Hills 2 0 (0.0) 0 (0.0) 0 (0.0) 
Union Hills 3 0 (0.0) 0 (0.0) 0 (0.0) 
Union Hills 4 0 (0.0) 0 (0.0) 0 (0.0) 
Wild Goose 0 (0.0) 0 (0.0) 0 (0.0) 
Wood Duck
 
 0 (0.0) 0 (0.0) 0 (0.0) 
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APPENDIX 4. continued 
 
Wetland  Yellow perch  
(Perca flavescens) 
Brook stickleback 
(Culaea inconstans) 
Central mudminnow 
(Umbra limi) 
Bailey Creek 
 
0 (0.0) 0 (0.0) 0 (0.0) 
Bluewing 0 (0.0) 5,211 (1,701.0) 0 (0.0) 
C.A. Block 1 (14.2) 9 (3.4) 0 (0.0) 
Christianson Taylor 0 (0.0) 0 (0.0) 0 (0.0) 
County Home Farm 0 (0.0) 60 (60.0) 0 (0.0) 
Eagle Flats 0 (0.0) 0 (0.0) 0 (0.0) 
Elk Creek 0 (0.0) 0 (0.0) 0 (0.0) 
Gabrielson 0 (0.0) 0 (0.0) 0 (0.0) 
Gladfelter 1 0 (0.0) 0 (0.0) 0 (0.0) 
Gladfelter 2 0 (0.0) 0 (0.0) 0 (0.0) 
Gladfelter 3 0 (0.0) 0 (0.0) 0 (0.0) 
Good Neighbor 1 0 (0.0) 0 (0.0) 0 (0.0) 
Good Neighbor 2 0 (0.0) 0 (0.0) 0 (0.0) 
Hanlontown 0 (0.0) 0 (0.0) 0 (0.0) 
Harmon Lake 1 0 (0.0) 512 (283.5) 0 (0.0) 
Harmon Lake 2 0 (0.0) 570 (496.0) 0 (0.0) 
Harmon Lake 3 0 (0.0) 2,194 (3,050.0) 0 (0.0) 
Haugen 0 (0.0) 36 (145.8) 78 (850.4) 
Hoffman Prairie 0 (0.0) 0 (0.0) 0 (0.0) 
Hogsback 0 (0.0) 3 (4.1) 2 (10.0) 
Larson Tweed 0 (0.0) 0 (0.0) 0 (0.0) 
Mallard Marsh 0 (0.0) 208 (135.7) 0 (0.0) 
Osmondson 0 (0.0) 0 (0.0) 0 (0.0) 
Pilot Knob 0 (0.0) 0 (0.0) 0 (0.0) 
Prairie Pothole 1 0 (0.0) 36 (20.0) 0 (0.0) 
Prairie Pothole 2 0 (0.0) 105 (101.0) 0 (0.0) 
Sandpiper 0 (0.0) 30 (11.2) 0 (0.0) 
Teal Basin 0 (0.0) 0 (0.0) 0 (0.0) 
Union Hills 1 0 (0.0) 0 (0.0) 0 (0.0) 
Union Hills 2 0 (0.0) 0 (0.0) 0 (0.0) 
Union Hills 3 0 (0.0) 0 (0.0) 0 (0.0) 
Union Hills 4 0 (0.0) 0 (0.0) 0 (0.0) 
Wild Goose 0 (0.0) 48 (10.0) 112 (500.0) 
Wood Duck
 
 0 (0.0) 0 (0.0) 0 (0.0) 
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APPENDIX 4. continued 
 
Wetland  Native minnows 
(Cyprinidae) 
Tiger salamander 
(Ambystoma tigrinum) 
Bailey Creek 
 
0 (0.0) 68 (680.0) 
Bluewing 4,260 (3,572.0) 0 (0.0) 
C.A. Block 8 (9.6) 0 (0.0) 
Christianson Taylor 52 (140.0) 0 (0.0) 
County Home Farm 0 (0.0) 0 (0.0) 
Eagle Flats 46 (70.0) 0 (0.0) 
Elk Creek 480 (1,190.6) 8 (226.8) 
Gabrielson 0 (0.0) 13 (494.6) 
Gladfelter 1 151 (425.0) 0 (0.0) 
Gladfelter 2 505 (1,420.0) 0 (0.0) 
Gladfelter 3 1 (2.4) 105 (570.0) 
Good Neighbor 1 0 (0.0) 16 (20.0) 
Good Neighbor 2 0 (0.0) 22 (83.8) 
Hanlontown 0 (0.0) 0 (0.0) 
Harmon Lake 1 0 (0.0) 0 (0.0) 
Harmon Lake 2 0 (0.0) 0 (0.0) 
Harmon Lake 3 0 (0.0) 0 (0.0) 
Haugen 44 (283.4) 0 (0.0) 
Hoffman Prairie 0 (0.0) 4 (21.2) 
Hogsback 70 (185.1) 1 (10.0) 
Larson Tweed 0 (0.0) 22 (538.6) 
Mallard Marsh 91 (171.2) 0 (0.0) 
Osmondson 1,221 (1,247.3) 19 (451.5) 
Pilot Knob 0 (0.0) 18 (88.1) 
Prairie Pothole 1 76 (120.0) 0 (0.0) 
Prairie Pothole 2 7,330 (10,090.0) 0 (0.0) 
Sandpiper 11 (34.0) 0 (0.0) 
Teal Basin 306 (907.1) 10 (396.9) 
Union Hills 1 0 (0.0) 2 (181.0) 
Union Hills 2 0 (0.0) 17 (26.0) 
Union Hills 3 0 (0.0) 125 (1,530.8) 
Union Hills 4 2 (2.4) 46 (737.1) 
Wild Goose 98 (280.0) 23 (20.0) 
Wood Duck
 
 0 (0.0) 0 (0.0) 
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Macroinvertebrate biomass.  Biomass was measured as g ash-free dry weight (AFDW) and g dry 
weight (DW).  Where multiple values are listed for a variable at a site, the first value is biomass per 
volumetric area sampled (g/m
3
), and the value in parentheses is biomass per unit horizontal area 
(g/m
2
).   
Wetland Total Biomass 
(AFDW) 
Total Biomass 
exclusive of 
Crayfish (AFDW) 
Total 
Biomass 
(DW) 
Total Biomass 
Excluding 
Crayfish (DW) 
Bailey Creek 
 
5.06 (2.62) 5.06 (2.62) 8.07 (4.18) 8.07 (4.18) 
Bluewing 6.16 (3.40) 6.16 (3.40) 6.61 (3.65) 6.61 (3.65) 
C.A. Block 12.22 (6.89) 12.22 (6.89) 14.51 (8.19) 14.51 (8.19) 
Christianson Taylor 3.84 (2.03) 3.84 (2.03) 11.09 (5.85) 11.09 (5.85) 
County Home Farm 3.21 (1.63) 3.21 (1.63) 5.55 (2.82) 5.55 (2.82) 
Eagle Flats 0.29 (0.16) 0.29 (0.16) 0.35 (0.20) 0.35 (0.20) 
Elk Creek 4.19 (2.39) 4.19 (2.39) 6.74 (3.84) 6.74 (3.84) 
Gabrielson 8.95 (4.99) 5.09 (2.84) 14.03 (7.83) 9.47 (5.28) 
Gladfelter 1 1.55 (0.88) 1.55 (0.88) 1.85 (1.06) 1.85 (1.06) 
Gladfelter 2 0.44 (0.23) 0.44 (0.23) 1.76 (0.92) 1.76 (0.92) 
Gladfelter 3 2.78 (1.44) 2.78 (1.44) 5.72 (2.96) 5.72 (2.96) 
Good Neighbor 1 11.60 (6.31) 11.60 (6.31) 22.97 (12.50) 22.97 (12.50) 
Good Neighbor 2 4.97 (2.70) 4.97 (2.70) 12.27 (6.68) 12.27 (6.68) 
Hanlontown 3.28 (1.82) 3.28 (1.82) 4.20 (2.33) 4.20 (2.33) 
Harmon Lake 1 2.14 (1.23) 2.14 (1.23) 4.27 (2.46) 4.27 (2.46) 
Harmon Lake 2 12.26 (6.91) 12.26 (6.91) 23.99 (13.53) 23.99 (13.53) 
Harmon Lake 3 11.40 (6.34) 5.23 (2.91) 13.15 (7.31) 5.99 (3.33) 
Haugen 7.82 (4.25) 7.82 (4.25) 33.77 (18.37) 33.77 (18.37) 
Hoffman Prairie 6.33 (3.67) 4.51 (2.62) 7.28 (4.22) 5.06 (2.93) 
Hogsback 3.22 (1.55) 3.22 (1.55) 4.93 (2.37) 4.93 (2.37) 
Larson Tweed 5.60 (3.02) 5.60 (3.02) 16.49 (8.90) 16.49 (8.90) 
Mallard Marsh 4.38 (2.45) 4.38 (2.45) 16.66 (9.33) 16.66 (9.33) 
Osmondson 7.68 (4.13) 5.90 (3.17) 22.98 (12.36) 20.69 (11.13) 
Pilot Knob 4.66 (2.60) 4.66 (2.60) 8.02 (4.48) 8.02 (4.48) 
Prairie Pothole 1 4.13 (2.36) 4.13 (2.36) 5.48 (3.13) 5.48 (3.13) 
Prairie Pothole 2 4.41 (2.52) 4.41 (2.52) 12.09 (6.91) 12.09 (6.91) 
Sandpiper 1.82 (1.03) 1.82 (1.03) 7.42 (4.18) 7.42 (4.18) 
Teal Basin 3.38 (1.91) 3.38 (1.91) 6.09 (3.43) 6.09 (3.43) 
Union Hills 1 8.44 (4.51) 8.44 (4.51) 10.54 (5.63) 10.54 (5.63) 
Union Hills 2 4.24 (2.29) 4.24 (2.29) 20.47 (11.05) 20.47 (11.05) 
Union Hills 3 7.49 (3.76) 7.49 (3.76) 22.85 (11.47) 22.85 (11.47) 
Union Hills 4 5.77 (3.32) 5.77 (3.32) 6.90 (3.97) 6.90 (3.97) 
Wild Goose 2.06 (1.19) 1.92 (1.11) 4.70 (2.72) 4.54 (2.62) 
Wood Duck 2.24 (1.20) 2.24 (1.20) 2.78 (1.50) 2.78 (1.50) 
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Macroinvertebrate taxonomic richness and densities in each wetland.  Total taxon richness and EOT 
richness values are equivalent to the total number of taxa recorded in a wetland.  For density 
variables, the first number is the density per volumetric area (number/m
3
) of each taxon (listed in the 
header) and the number in parentheses is the density per unit horizontal area (number/m
2
).   
Wetland  Taxon richness EOT richness Total density  Nemata density 
Bailey Creek 
 
23 5 1,793 (929) 8 (4) 
Bluewing 20 5 2,788 (1,539) 0 (0) 
C.A. Block 20 5 7,887 (4,448) 0 (0) 
Christianson Taylor 17 4 2,248 (1,187) 8,040 (4,245) 
County Home Farm 21 4 764 (388) 0 (0) 
Eagle Flats 17 3 434 (244) 0 (0) 
Elk Creek 27 6 3,964 (2,260) 821 (468) 
Gabrielson 24 3 3,507 (1,957) 4 (2) 
Gladfelter 1 11 1 2,191 (1,249) 0 (0) 
Gladfelter 2 16 3 674 (353) 0 (0) 
Gladfelter 3 25 4 2,234 (1,157) 0 (0) 
Good Neighbor 1 25 7 2,379 (1,294) 4 (2) 
Good Neighbor 2 24 4 1,504 (818) 0 (0) 
Hanlontown 25 6 2,593 (1,436) 0 (0) 
Harmon Lake 1 26 4 2,107 (1,213) 29 (17) 
Harmon Lake 2 26 5 3,206 (1,808) 0 (0) 
Harmon Lake 3 19 4 3,563 (1,981) 0 (0) 
Haugen 26 4 1,412 (768) 344 (187) 
Hoffman Prairie 22 4 1,952 (1,132) 0 (0) 
Hogsback 20 2 1,798 (863) 546 (262) 
Larson Tweed 25 7 740 (400) 35 (19) 
Mallard Marsh 23 1 3,044 (1,704) 1,671 (936) 
Osmondson 22 3 4,889 (2,631) 1,740 (936) 
Pilot Knob 30 6 2,645 (1,476) 112 (62) 
Prairie Pothole 1 22 5 1,084 (618) 0 (0) 
Prairie Pothole 2 24 6 1,065 (609) 140 (80) 
Sandpiper 21 2 549 (310) 66 (37) 
Teal Basin 27 6 1,935 (1,091) 249 (140) 
Union Hills 1 23 5 4,291 (2,292) 0 (0) 
Union Hills 2 24 4 1,840 (994) 0 (0) 
Union Hills 3 25 6 862 (433) 0 (0) 
Union Hills 4 19 5 981 (564) 0 (0) 
Wild Goose 24 3 893 (517) 931 (538) 
Wood Duck 17 2 7,149 (3,846) 174 (94) 
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Wetland   Ancylidae 
density 
 Lymnaeidae 
density 
Physidae 
density 
 Planorbidae 
density 
Bailey Creek 
 
0 (0) 0 (0) 16 (8) 84 (44) 
Bluewing 0 (0) 0 (0) 19 (10) 1,025 (566) 
C.A. Block 0 (0) 0 (0) 1,936 (1,092) 10,661 (6,013) 
Christianson Taylor 0 (0) 0 (0) 1,067 (564) 1,430 (755) 
County Home Farm 0 (0) 35 (18) 43 (22) 39 (20) 
Eagle Flats 4 (2) 0 (0) 0 (0) 0 (0) 
Elk Creek 0 (0) 0 (0) 4 (2) 343 (196) 
Gabrielson 0 (0) 0 (0) 179 (100) 865 (483) 
Gladfelter 1 0 (0) 0 (0) 0 (0) 0 (0) 
Gladfelter 2 0 (0) 0 (0) 0 (0) 12 (6) 
Gladfelter 3 0 (0) 0 (0) 110 (57) 931 (483) 
Good Neighbor 1 0 (0) 0 (0) 0 (0) 654 (356) 
Good Neighbor 2 0 (0) 203 (110) 378 (206) 73 (40) 
Hanlontown 0 (0) 0 (0) 875 (485) 253 (140) 
Harmon Lake 1 0 (0) 4 (2) 36 (21) 3,604 (2,076) 
Harmon Lake 2 0 (0) 4 (2) 498 (281) 63 (35) 
Harmon Lake 3 0 (0) 0 (0) 0 (0) 228 (127) 
Haugen 0 (0) 0 (0) 6,377 (3,469) 4,882 (2,656) 
Hoffman Prairie 0 (0) 0 (0) 0 (0) 246 (142) 
Hogsback 0 (0) 156 (75) 481 (231) 8,813 (4,230) 
Larson Tweed 0 (0) 555 (299) 2,088 (1,127) 4,645 (2,508) 
Mallard Marsh 0 (0) 0 (0) 2,292 (1,283) 45 (25) 
Osmondson 0 (0) 8 (4) 2,791 (1,502) 2,996 (1,612) 
Pilot Knob 0 (0) 4 (2) 15 (8) 593 (331) 
Prairie Pothole 1 0 (0) 0 (0) 0 (0) 578 (330) 
Prairie Pothole 2 0 (0) 4 (2) 15 (8) 83 (48) 
Sandpiper 0 (0) 221 (125) 398 (225) 767 (433) 
Teal Basin 0 (0) 4 (2) 37 (21) 315 (178) 
Union Hills 1 0 (0) 0 (0) 8 (4) 0 (0) 
Union Hills 2 0 (0) 0 (0) 85 (46) 628 (339) 
Union Hills 3 0 (0) 4 (2) 21 (10) 2,333 (1,171) 
Union Hills 4 0 (0) 0 (0) 0 (0) 0 (0) 
Wild Goose 0 (0) 4 (2) 4 (2) 1935 (1118) 
Wood Duck 0  (0) 182 (98) 35 (19) 1,218 (655) 
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Wetland   Pisidiidae 
density 
 Oligochaeta 
density 
Euhirudinea 
density 
Acariformes 
density 
Bailey Creek 
 
0 (0) 9,395 (4,867) 397 (206) 0 (0) 
Bluewing 4 (2) 3,896 (2,151) 38 (21) 0 (0) 
C.A. Block 4 (2) 77,340 (43,620) 218 (123) 166 (94) 
Christianson Taylor 0 (0) 16,308 (8,610) 55 (29) 118 (62) 
County Home Farm 0 (0) 8,968 (4,556) 1,259 (640) 0 (0) 
Eagle Flats 0 (0) 4,344 (2,441) 49 (28) 63 (36) 
Elk Creek 0 (0) 70,473 (40,170) 175 (100) 328 (187) 
Gabrielson 4 (2) 5,706 (3,184) 37 (21) 1,006 (562) 
Gladfelter 1 0 (0) 13,092 (7,463) 72 (41) 375 (214) 
Gladfelter 2 0 (0) 4,711 (2,469) 28 (15) 21 (11) 
Gladfelter 3 4 (2) 7,416 (3,841) 456 (236) 3,614 (1,872) 
Good Neighbor 1 11 (6) 27,313 (14,858) 245 (133) 0 (0) 
Good Neighbor 2 4 (2) 2,963 (1,612) 164 (89) 0 (0) 
Hanlontown 88 (49) 10,912 (6,045) 2,513 (1,392) 169 (94) 
Harmon Lake 1 18 (10) 11,287 (6,501) 40 (23) 1,733 (998) 
Harmon Lake 2 0 (0) 15,267 (8,610) 531 (299) 498 (281) 
Harmon Lake 3 4 (2) 11,933 (6,635) 531 (295) 0 (0) 
Haugen 76 (42) 6,469 (3,519) 11 (6) 0 (0) 
Hoffman Prairie 0 (0) 2,754 (1,597) 441 (256) 242 (140) 
Hogsback 0 (0) 16,158 (7,756) 160 (77) 78 (37) 
Larson Tweed 0 (0) 1,768 (955) 212 (114) 0 (0) 
Mallard Marsh 115 (64) 14,373 (8,049) 401 (225) 111 (62) 
Osmondson 174 (94) 11,145 (5,996) 893 (480) 178 (96) 
Pilot Knob 0 (0) 7,831 (4,370) 909 (507) 112 (62) 
Prairie Pothole 1 0 (0) 10,057 (5,732) 328 (187) 127 (72) 
Prairie Pothole 2 0 (0) 12,675 (7,250) 921 (527) 187 (107) 
Sandpiper 0 (0) 3,275 (1,847) 111 (62) 177 (100) 
Teal Basin 0 (0) 8,236 (4,645) 675 (381) 170 (96) 
Union Hills 1 0 (0) 4,907 (2,621) 724 (387) 0 (0) 
Union Hills 2 69 (37) 7,075 (3,821) 223 (121) 69 (37) 
Union Hills 3 4,147 (2,082) 4,176 (2,096) 21 (10) 0 (0) 
Union Hills 4 0 (0) 5,907 (3,396) 181 (104) 65 (37) 
Wild Goose 22 (12) 6,767 (3,912) 157 (91) 81 (47) 
Wood Duck 8 (4) 3,479 (1,872) 15 (8) 0 (0) 
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Wetland  Entomobryidae 
density 
Istommidae 
density 
Sminthuridae 
density 
Baetidae 
density 
Bailey Creek 
 
  0 (0)   0 (0)   0 (0)   72 (37) 
Bluewing 0 (0) 0 (0) 0 (0) 603 (333) 
C.A. Block 0 (0) 0 (0) 0 (0) 358 (202) 
Christianson Taylor 0 (0) 0 (0) 0 (0) 0 (0) 
County Home Farm 0 (0) 0 (0) 0 (0) 12 (6) 
Eagle Flats 0 (0) 16 (9) 0 (0) 16 (9) 
Elk Creek 164 (94) 0 (0) 0 (0) 328 (187) 
Gabrielson 0 (0) 0 (0) 0 (0) 212 (119) 
Gladfelter 1 0 (0) 0 (0) 0 (0) 0 (0) 
Gladfelter 2 0 (0) 0 (0) 0 (0) 0 (0) 
Gladfelter 3 0 (0) 0 (0) 0 (0) 0 (0) 
Good Neighbor 1 0 (0) 0 (0) 0 (0) 229 (125) 
Good Neighbor 2 0 (0) 0 (0) 0 (0) 0 (0) 
Hanlontown 0 (0) 0 (0) 0 (0) 306 (170) 
Harmon Lake 1 0 (0) 0 (0) 0 (0) 112 (64) 
Harmon Lake 2 0 (0) 0 (0) 0 (0) 3,651 (2,059) 
Harmon Lake 3 0 (0) 0 (0) 0 (0) 898 (499) 
Haugen 0 (0) 0 (0) 0 (0) 0 (0) 
Hoffman Prairie 0 (0) 0 (0) 0 (0) 165 (96) 
Hogsback 0 (0) 0 (0) 0 (0) 312 (150) 
Larson Tweed 0 (0) 0 (0) 0 (0) 246 (133) 
Mallard Marsh 0 (0) 0 (0) 0 (0) 0 (0) 
Osmondson 0 (0) 0 (0) 0 (0) 193 (104) 
Pilot Knob 0 (0) 0 (0) 0 (0) 119 (67) 
Prairie Pothole 1 0 (0) 0 (0) 0 (0) 41 (23) 
Prairie Pothole 2 0 (0) 0 (0) 0 (0) 50 (29) 
Sandpiper 0 (0) 0 (0) 0 (0) 0 (0) 
Teal Basin 0 (0) 0 (0) 0 (0) 1,095 (618) 
Union Hills 1 0 (0) 0 (0) 0 (0) 876 (468) 
Union Hills 2 0 (0) 0 (0) 0 (0) 416 (225) 
Union Hills 3 0 (0) 0 (0) 0 (0) 874 (439) 
Union Hills 4 0 (0) 0 (0) 0 (0) 912 (524) 
Wild Goose 0 (0) 0 (0) 162 (94) 449 (259) 
Wood Duck 0 (0) 0 (0) 0 (0) 1,059 (570) 
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Wetland  Caenidae 
density 
Aeshnidae 
density 
Libellulidae 
density 
Calopterygidae 
density 
Bailey Creek 
 
  0 (0)   16 (8)   0 (0)   0 (0) 
Bluewing 1,695 (936) 0 (0) 0 (0) 0 (0) 
C.A. Block 8,054 (4,542) 7 (4) 0 (0) 0 (0) 
Christianson Taylor 236 (125) 8 (4) 0 (0) 0 (0) 
County Home Farm 31 (16) 0 (0) 0 (0) 0 (0) 
Eagle Flats 94 (53) 0 (0) 0 (0) 0 (0) 
Elk Creek 3,302 (1,882) 332 (189) 7 (4) 0 (0) 
Gabrielson 3,053 (1,703) 0 (0) 0 (0) 0 (0) 
Gladfelter 1 47 (27) 0 (0) 0 (0) 0 (0) 
Gladfelter 2 126 (66) 0 (0) 0 (0) 0 (0) 
Gladfelter 3 4,069 (2,108) 20 (10) 0 (0) 0 (0) 
Good Neighbor 1 3,097 (1,685) 4 (2) 119 (64) 0 (0) 
Good Neighbor 2 7,088 (3,856) 421 (229) 0 (0) 0 (0) 
Hanlontown 614 (340) 0 (0) 4 (2) 0 (0) 
Harmon Lake 1 5,849 (3,369) 0 (0) 7 (4) 0 (0) 
Harmon Lake 2 4 (2) 0 (0) 502 (283) 0 (0) 
Harmon Lake 3 0 (0) 0 (0) 4 (2) 0 (0) 
Haugen 69 (37) 0 (0) 0 (0) 0 (0) 
Hoffman Prairie 1,793 (1,040) 11 (6) 0 (0) 165 (96) 
Hogsback 0 (0) 0 (0) 0 (0) 0 (0) 
Larson Tweed 1,791 (967) 8 (4) 73 (40) 0 (0) 
Mallard Marsh 334 (187) 0 (0) 0 (0) 0 (0) 
Osmondson 352 (189) 0 (0) 0 (0) 0 (0) 
Pilot Knob 1,346 (751) 447 (250) 0 (0) 5,032 (2,808) 
Prairie Pothole 1 123 (70) 0 (0) 0 (0) 0 (0) 
Prairie Pothole 2 140 (80) 4 (2) 0 (0) 0 (0) 
Sandpiper 22 (12) 0 (0) 0 (0) 0 (0) 
Teal Basin 1,342 (757) 11 (6) 0 (0) 0 (0) 
Union Hills 1 351 (187) 12 (6) 0 (0) 0 (0) 
Union Hills 2 416 (225) 0 (0) 0 (0) 0 (0) 
Union Hills 3 1,442 (724) 8 (4) 12 (6) 0 (0) 
Union Hills 4 1,074 (618) 7 (4) 0 (0) 0 (0) 
Wild Goose 40 (23) 0 (0) 0 (0) 0 (0) 
Wood Duck 0 (0) 0 (0) 0 (0) 0 (0) 
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Wetland  Coenagrionidae 
density 
Lestidae 
density 
Leptoceridae 
density 
Phryganeidae 
density 
Bailey Creek 
 
  72 (37)   4 (2)   72 (37)   0 (0) 
Bluewing 15 (8) 0 (0) 230 (127) 11 (6) 
C.A. Block 2,165 (1,221) 0 (0) 339 (191) 0 (0) 
Christianson Taylor 2,363 (1,248) 0 (0) 3,199 (1,689) 0 (0) 
County Home Farm 123 (62) 0 (0) 76 (38) 0 (0) 
Eagle Flats 115 (64) 0 (0) 0 (0) 0 (0) 
Elk Creek 660 (376) 0 (0) 164 (94) 0 (0) 
Gabrielson 1,174 (655) 0 (0) 0 (0) 0 (0) 
Gladfelter 1 0 (0) 0 (0) 0 (0) 0 (0) 
Gladfelter 2 21 (11) 0 (0) 84 (44) 0 (0) 
Gladfelter 3 2,168 (1,123) 0 (0) 40 (21) 0 (0) 
Good Neighbor 1 348 (189) 4 (2) 229 (125) 0 (0) 
Good Neighbor 2 2,615 (1,423) 0 (0) 218 (119) 0 (0) 
Hanlontown 676 (374) 0 (0) 760 (421) 84 (47) 
Harmon Lake 1 4 (2) 0 (0) 0 (0) 0 (0) 
Harmon Lake 2 996 (562) 0 (0) 166 (94) 0 (0) 
Harmon Lake 3 0 (0) 0 (0) 7 (4) 7 (4) 
Haugen 69 (37) 4 (2) 138 (75) 0 (0) 
Hoffman Prairie 0 (0) 0 (0) 0 (0) 0 (0) 
Hogsback 0 (0) 0 (0) 238 (114) 0 (0) 
Larson Tweed 1,683 (909) 35 (19) 470 (254) 0 (0) 
Mallard Marsh 0 (0) 0 (0) 0 (0) 0 (0) 
Osmondson 348 (187) 0 (0) 0 (0) 0 (0) 
Pilot Knob 0 (0) 0 (0) 6,724 (3,752) 1,457 (813) 
Prairie Pothole 1 123 (70) 0 (0) 48 (28) 7 (4) 
Prairie Pothole 2 4 (2) 4 (2) 202 (115) 0 (0) 
Sandpiper 0 (0) 0 (0) 22 (12) 0 (0) 
Teal Basin 2,432 (1,372) 0 (0) 433 (244) 336 (189) 
Union Hills 1 1,753 (936) 0 (0) 366 (196) 0 (0) 
Union Hills 2 1,456 (786) 0 (0) 31 (17) 0 (0) 
Union Hills 3 1,098 (551) 0 (0) 91 (46) 0 (0) 
Union Hills 4 105 (60) 0 (0) 2,731 (1,570) 0 (0) 
Wild Goose 0 (0) 0 (0) 58 (34) 0 (0) 
Wood Duck 174 (94) 0 (0) 0 (0) 0 (0) 
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Wetland  Crambidae 
density 
Belostomatidae 
density 
Corixidae 
density 
Hebridae 
density 
Bailey Creek 
 
  0 (0)   12 (6)   8 (4)   72 (37) 
Bluewing 0 (0) 0 (0) 4 (2) 0 (0) 
C.A. Block 0 (0) 0 (0) 3,842 (2,167) 0 (0) 
Christianson Taylor 0 (0) 4 (2) 0 (0) 0 (0) 
County Home Farm 0 (0) 0 (0) 606 (308) 0 (0) 
Eagle Flats 0 (0) 0 (0) 4 (2) 0 (0) 
Elk Creek 0 (0) 0 (0) 22 (12) 0 (0) 
Gabrielson 0 (0) 0 (0) 503 (281) 0 (0) 
Gladfelter 1 0 (0) 0 (0) 235 (134) 0 (0) 
Gladfelter 2 0 (0) 0 (0) 0 (0) 0 (0) 
Gladfelter 3 464 (240) 4 (2) 4 (2) 0 (0) 
Good Neighbor 1 0 (0) 4 (2) 4 (2) 0 (0) 
Good Neighbor 2 0 (0) 0 (0) 4 (2) 0 (0) 
Hanlontown 0 (0) 0 (0) 507 (281) 0 (0) 
Harmon Lake 1 4 (2) 4 (2) 7 (4) 0 (0) 
Harmon Lake 2 0 (0) 4 (2) 664 (374) 166 (94) 
Harmon Lake 3 0 (0) 0 (0) 0 (0) 0 (0) 
Haugen 73 (40) 11 (6) 0 (0) 0 (0) 
Hoffman Prairie 0 (0) 4 (2) 4 (2) 0 (0) 
Hogsback 100 (48) 4 (2) 0 (0) 0 (0) 
Larson Tweed 0 (0) 0 (0) 243 (131) 0 (0) 
Mallard Marsh 4 (2) 0 (0) 2,574 (1,441) 0 (0) 
Osmondson 0 (0) 0 (0) 1,055 (568) 0 (0) 
Pilot Knob 224 (125) 4 (2) 11 (6) 224 (125) 
Prairie Pothole 1 82 (47) 4 (2) 873 (498) 0 (0) 
Prairie Pothole 2 0 (0) 0 (0) 1,730 (990) 0 (0) 
Sandpiper 0 (0) 4 (2) 922 (520) 0 (0) 
Teal Basin 170 (96) 4 (2) 1,079 (608) 0 (0) 
Union Hills 1 4 (2) 4 (2) 183 (98) 0 (0) 
Union Hills 2 4 (2) 0 (0) 0 (0) 69 (37) 
Union Hills 3 0 (0) 4 (2) 91 (46) 0 (0) 
Union Hills 4 36 (21) 0 (0) 329 (189) 0 (0) 
Wild Goose 4 (2) 0 (0) 81 (47) 0 (0) 
Wood Duck 0 (0) 0 (0) 0 (0) 0 (0) 
 
 
 
 
 
 
  
93 
APPENDIX 6. continued 
 
Wetland Mesoveliidae 
density 
Notonectidae 
density 
Pleidae 
density 
Veliidae 
density 
Bailey Creek 
 
  0 (0)   0 (0)   2,168 (1,123)   0 (0) 
Bluewing 0 (0) 0 (0) 569 (314) 0 (0) 
C.A. Block 0 (0) 0 (0) 166 (94) 0 (0) 
Christianson Taylor 0 (0) 0 (0) 1,064 (562) 0 (0) 
County Home Farm 0 (0) 8 (4) 123 (62) 0 (0) 
Eagle Flats 0 (0) 0 (0) 0 (0) 0 (0) 
Elk Creek 0 (0) 22 (12) 657 (374) 0 (0) 
Gabrielson 0 (0) 0 (0) 168 (94) 0 (0) 
Gladfelter 1 0 (0) 0 (0) 47 (27) 0 (0) 
Gladfelter 2 0 (0) 4 (2) 0 (0) 0 (0) 
Gladfelter 3 0 (0) 4 (2) 5,872 (3,042) 0 (0) 
Good Neighbor 1 0 (0) 0 (0) 1720 (936) 0 (0) 
Good Neighbor 2 0 (0) 69 (37) 2,546 (1,385) 0 (0) 
Hanlontown 253 (140) 4 (2) 169 (94) 84 (47) 
Harmon Lake 1 0 (0) 116 (67) 2,058 (1,185) 0 (0) 
Harmon Lake 2 0 (0) 0 (0) 1,825 (1,030) 166 (94) 
Harmon Lake 3 0 (0) 0 (0) 337 (187) 0 (0) 
Haugen 206 (112) 69 (37) 3,582 (1,949) 0 (0) 
Hoffman Prairie 0 (0) 165 (96) 1,225 (710) 0 (0) 
Hogsback 0 (0) 4 (2) 1,950 (936) 0 (0) 
Larson Tweed 0 (0) 4 (2) 0 (0) 0 (0) 
Mallard Marsh 0 (0) 0 (0) 449 (252) 0 (0) 
Osmondson 0 (0) 0 (0) 4 (2) 0 (0) 
Pilot Knob 0 (0) 0 (0) 1,342 (749) 0 (0) 
Prairie Pothole 1 0 (0) 0 (0) 164 (94) 0 (0) 
Prairie Pothole 2 0 (0) 0 (0) 94 (53) 0 (0) 
Sandpiper 0 (0) 0 (0) 44 (25) 0 (0) 
Teal Basin 0 (0) 4 (2) 1,003 (566) 0 (0) 
Union Hills 1 0 (0) 4 (2) 2,629 (1,404) 0 (0) 
Union Hills 2 0 (0) 73 (40) 2,218 (1,198) 0 (0) 
Union Hills 3 0 (0) 8 (4) 41 (21) 0 (0) 
Union Hills 4 0 (0) 7 (4) 0 (0) 0 (0) 
Wild Goose 0 (0) 0 (0) 121 (70) 0 (0) 
Wood Duck 0 (0) 0 (0) 0 (0) 0 (0) 
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APPENDIX 6. continued 
 
Wetland  Chrysomelidae 
density 
Dytiscidae 
density 
Gyrinidae 
density 
 Haliplidae 
density 
Bailey Creek 
 
  0 (0)   72 (37)   0 (0)   4 (2) 
Bluewing 4 (2) 0 (0) 0 (0) 0 (0) 
C.A. Block 0 (0) 166 (94) 0 (0) 0 (0) 
Christianson Taylor 4 (2) 0 (0) 0 (0) 236 (125) 
County Home Farm 4 (2) 61 (31) 0 (0) 0 (0) 
Eagle Flats 0 (0) 16 (9) 16 (9) 0 (0) 
Elk Creek 7 (4) 0 (0) 0 (0) 332 (189) 
Gabrielson 168 (94) 168 (94) 0 (0) 0 (0) 
Gladfelter 1 0 (0) 0 (0) 0 (0) 0 (0) 
Gladfelter 2 0 (0) 0 (0) 0 (0) 0 (0) 
Gladfelter 3 175 (90) 181 (94) 0 (0) 0 (0) 
Good Neighbor 1 111 (60) 119 (64) 0 (0) 229 (125) 
Good Neighbor 2 291 (158) 138 (75) 0 (0) 352 (191) 
Hanlontown 84 (47) 0 (0) 0 (0) 0 (0) 
Harmon Lake 1 11 (6) 0 (0) 0 (0) 0 (0) 
Harmon Lake 2 0 (0) 0 (0) 0 (0) 0 (0) 
Harmon Lake 3 0 (0) 0 (0) 0 (0) 0 (0) 
Haugen 73 (40) 0 (0) 0 (0) 138 (75) 
Hoffman Prairie 7 (4) 0 (0) 0 (0) 0 (0) 
Hogsback 0 (0) 4 (2) 0 (0) 0 (0) 
Larson Tweed 0 (0) 69 (37) 0 (0) 250 (135) 
Mallard Marsh 111 (62) 111 (62) 0 (0) 676 (379) 
Osmondson 0 (0) 0 (0) 0 (0) 174 (94) 
Pilot Knob 112 (62) 116 (64) 0 (0) 231 (129) 
Prairie Pothole 1 52 (30) 0 (0) 0 (0) 0 (0) 
Prairie Pothole 2 140 (80) 0 (0) 0 (0) 94 (53) 
Sandpiper 0 (0) 0 (0) 0 (0) 44 (25) 
Teal Basin 55 (31) 339 (191) 0 (0) 83 (47) 
Union Hills 1 109 (58) 175 (94) 0 (0) 0 (0) 
Union Hills 2 12 (6) 693 (374) 0 (0) 0 (0) 
Union Hills 3 95 (48) 79 (40) 0 (0) 0 (0) 
Union Hills 4 54 (31) 36 (21) 0 (0) 0 (0) 
Wild Goose 0 (0) 0 (0) 0 (0) 0 (0) 
Wood Duck 8 (4) 4 (2) 0 (0) 0 (0) 
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APPENDIX 6. continued 
 
Wetland  Hydrophilidae 
density 
Ceratopogonidae 
density 
Chaoboridae 
density 
Chironomidae 
density 
Bailey Creek 
 
  0 (0)   654 (339)   687 (356)   11,672 (6,046) 
Bluewing 0 (0) 230 (127) 4 (2) 12,366 (6,826) 
C.A. Block 0 (0) 0 (0) 0 (0) 28,420 (16,029) 
Christianson Taylor 0 (0) 118 (62) 0 (0) 3,683 (1,945) 
County Home Farm 0 (0) 4 (2) 162 (82) 4,366 (2,218) 
Eagle Flats 0 (0) 0 (0) 0 (0) 1,498 (842) 
Elk Creek 7 (4) 3,623 (2,065) 0 (0) 7,112 (4,054) 
Gabrielson 168 (94) 0 (0) 7 (4) 22,185 (12,379) 
Gladfelter 1 0 (0) 0 (0) 0 (0) 707 (403) 
Gladfelter 2 0 (0) 42 (22) 918 (481) 684 (358) 
Gladfelter 3 0 (0) 0 (0) 4 (2) 11,226 (5,815) 
Good Neighbor 1 0 (0) 115 (62) 4 (2) 11,592 (6,306) 
Good Neighbor 2 0 (0) 275 (150) 482 (262) 6,821 (3,710) 
Hanlontown 0 (0) 338 (187) 0 (0) 7,116 (3,942) 
Harmon Lake 1 0 (0) 758 (437) 0 (0) 14,237 (8,201) 
Harmon Lake 2 0 (0) 498 (281) 7 (4) 16,026 (9,039) 
Harmon Lake 3 0 (0) 224 (125) 4 (2) 8,936 (4,969) 
Haugen 69 (37) 1,239 (674) 0 (0) 2,627 (1,429) 
Hoffman Prairie 0 (0) 0 (0) 11 (6) 8,565 (4,968) 
Hogsback 0 (0) 0 (0) 0 (0) 3,666(1,760) 
Larson Tweed 0 (0) 0 (0) 104 (56) 1,745 (942) 
Mallard Marsh 0 (0) 2,117 (1,185) 0 (0) 2,020 (1,131) 
Osmondson 0 (0) 1044 (562) 0 (0) 3,313 (1,782) 
Pilot Knob 224 (125) 2,572 (1,435) 0 (0) 33,363 (18,616) 
Prairie Pothole 1 0 (0) 41 (23) 97 (55) 10,567 (6,023) 
Prairie Pothole 2 0 (0) 0 (0) 144 (82) 5,558 (3,179) 
Sandpiper 0 (0) 199 (112) 0 (0) 4,031 (2,273) 
Teal Basin 0 (0) 0 (0) 87 (49) 17,039 (9,610) 
Union Hills 1 0 (0) 175 (94) 1,055 (564) 6,138 (3,278) 
Union Hills 2 69 (37) 0 (0) 2,245 (1,213) 12,760 (6,890) 
Union Hills 3 0 (0) 0 (0) 182 (92) 2,718 (1,364) 
Union Hills 4 0 (0) 0 (0) 0 (0) 640 (368) 
Wild Goose 0 (0) 283 (164) 4 (2) 2,962 (1,712) 
Wood Duck 0 (0) 0 (0) 8 (4) 10,264 (5,522) 
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APPENDIX 6. continued 
 
Wetland  Ephydridae 
density 
Psyschodidae 
density 
Stratiomyidae 
density 
Tabanidae 
density 
Bailey Creek 
 
  0 (0)   0 (0)   4 (2)   0 (0) 
Bluewing 0 (0) 0 (0) 0 (0) 0 (0) 
C.A. Block 0 (0) 0 (0) 0 (0) 0 (0) 
Christianson Taylor 0 (0) 0 (0) 0 (0) 0 (0) 
County Home Farm 0 (0) 0 (0) 4 (2) 0 (0) 
Eagle Flats 0 (0) 0 (0) 0 (0) 0 (0) 
Elk Creek 0 (0) 0 (0) 4 (2) 0 (0) 
Gabrielson 0 (0) 0 (0) 0 (0) 7 (4) 
Gladfelter 1 0 (0) 0 (0) 0 (0) 0 (0) 
Gladfelter 2 0 (0) 0 (0) 0 (0) 4 (2) 
Gladfelter 3 0 (0) 0 (0) 0 (0) 4 (2) 
Good Neighbor 1 0 (0) 0 (0) 0 (0) 0 (0) 
Good Neighbor 2 0 (0) 0 (0) 8 (4) 0 (0) 
Hanlontown 0 (0) 0 (0) 0 (0) 0 (0) 
Harmon Lake 1 0 (0) 0 (0) 0 (0) 0 (0) 
Harmon Lake 2 0 (0) 0 (0) 4 (2) 0 (0) 
Harmon Lake 3 0 (0) 0 (0) 0 (0) 0 (0) 
Haugen 0 (0) 0 (0) 0 (0) 0 (0) 
Hoffman Prairie 0 (0) 0 (0) 0 (0) 0 (0) 
Hogsback 0 (0) 0 (0) 156 (75) 0 (0) 
Larson Tweed 0 (0) 0 (0) 35 (19) 4 (2) 
Mallard Marsh 0 (0) 223 (125) 0 (0) 0 (0) 
Osmondson 0 (0) 0 (0) 0 (0) 0 (0) 
Pilot Knob 112 (62) 0 (0) 112 (62) 0 (0) 
Prairie Pothole 1 0 (0) 0 (0) 41 (23) 41 (23) 
Prairie Pothole 2 0 (0) 0 (0) 4 (2) 0 (0) 
Sandpiper 0 (0) 0 (0) 0 (0) 22 (12) 
Teal Basin 0 (0) 0 (0) 0 (0) 0 (0) 
Union Hills 1 0 (0) 0 (0) 0 (0) 0 (0) 
Union Hills 2 0 (0) 0 (0) 0 (0) 0 (0) 
Union Hills 3 0 (0) 0 (0) 0 (0) 4 (2) 
Union Hills 4 0 (0) 0 (0) 0 (0) 4 (2) 
Wild Goose 0 (0) 0 (0) 0 (0) 0 (0) 
Wood Duck 0  (0) 0 (0) 4 (2) 0 (0) 
 
 
 
 
 
 
  
97 
APPENDIX 6. continued 
 
Wetland  Tipulidae 
density 
Amphipoda 
density 
Decapoda 
density 
Asellidae 
density 
Bailey Creek 
 
  0 (0) 4,264 (2,209)   0 (0)   0 (0) 
Bluewing 0 (0) 19,871 (10,969) 0 (0) 0 (0) 
C.A. Block 0 (0) 409 (231) 0 (0) 0 (0) 
Christianson Taylor 0 (0) 284 (150) 0 (0) 0 (0) 
County Home Farm 0 (0) 20 (10) 0 (0) 0 (0) 
Eagle Flats 0 (0) 32 (18) 4 (2) 0 (0) 
Elk Creek 164 (94) 4,119 (2,348) 0 (0) 0 (0) 
Gabrielson 0 (0) 2,713 (1,514) 0 (0) 4 (2) 
Gladfelter 1 0 (0) 97 (56) 0 (0) 0 (0) 
Gladfelter 2 0 (0) 37 (19) 0 (0) 0 (0) 
Gladfelter 3 0 (0) 98 (51) 0 (0) 0 (0) 
Good Neighbor 1 0 (0) 6,194 (3,369) 0 (0) 0 (0) 
Good Neighbor 2 0 (0) 2,030 (1,104) 0 (0) 0 (0) 
Hanlontown 0 (0) 1,415 (784) 0 (0) 0 (0) 
Harmon Lake 1 0 (0) 4 (2) 0 (0) 329 (189) 
Harmon Lake 2 0 (0) 4 (2) 0 (0) 996 (562) 
Harmon Lake 3 0 (0) 4,403 (2,448) 11 (6) 3,030 (1,685) 
Haugen 0 (0) 73 (40) 0 (0) 69 (37) 
Hoffman Prairie 0 (0) 12,196 (7,073) 590 (342) 909 (527) 
Hogsback 0 (0) 169 (81) 0 (0) 0 (0) 
Larson Tweed 0 (0) 50 (27) 0 (0) 0 (0) 
Mallard Marsh 0 (0) 1,408 (788) 0 (0) 0 (0) 
Osmondson 0 (0) 1,411 (759) 4 (2) 8,196 (4,409) 
Pilot Knob 0 (0) 4,141 (2,311) 0 (0) 0 (0) 
Prairie Pothole 1 0 (0) 4 (2) 0 (0) 0 (0) 
Prairie Pothole 2 0 (0) 2,052 (1,174) 0 (0) 374 (214) 
Sandpiper 0 (0) 22 (12) 0 (0) 4 (2) 
Teal Basin 0 (0) 1,726 (973) 0 (0) 0 (0) 
Union Hills 1 0 (0) 69,409 (37,064) 0 (0) 0 (0) 
Union Hills 2 0 (0) 3,212 (1,735) 0 (0) 0 (0) 
Union Hills 3 0 (0) 1,906 (957) 0 (0) 0 (0) 
Union Hills 4 0 (0) 4,594 (2,641) 0 (0) 0 (0) 
Wild Goose 0 (0) 84 (48) 4 (2) 0 (0) 
Wood Duck 0 (0) 0 (0) 0 (0) 0 (0) 
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APPENDIX 6. continued 
 
Wetland Ostracoda 
density 
 “Cladocera” 
density 
Calanoida 
density 
Cyclopoida 
density 
Bailey Creek 
 
  0 (0)   2,096 (1,086)   0 (0)   9,395 (4,867) 
Bluewing 0 (0) 10,188 (5,624) 113 (62) 4,876 (2,691) 
C.A. Block 4,315 (2,433) 11,369 (6,412) 667 (377) 7,136 (4,024) 
Christianson Taylor 0 (0) 0 (0) 0 (0) 0 (0) 
County Home Farm 0 (0) 4 (2) 0 (0) 92 (47) 
Eagle Flats 0 (0) 115 (64) 48 (27) 952 (535) 
Elk Creek 1,000 (570) 4,452 (2,537) 0 (0) 8,403 (4,790) 
Gabrielson 2,013 (1,123) 36,933 (20,609) 1,349 (753) 5,535 (3,089) 
Gladfelter 1 0 (0) 235 (134) 8,585 (4,894) 610 (348) 
Gladfelter 2 0 (0) 3,212 (1,683) 42 (22) 840 (440) 
Gladfelter 3 452 (234) 6,237 (3,231) 181 (94) 12,105 (6,271) 
Good Neighbor 1 4 (2) 2,065 (1,123) 0 (0) 5,047 (2,745) 
Good Neighbor 2 413 (225) 5,307 (2,887) 0 (0) 3,234 (1,760) 
Hanlontown 19,601 (10,859) 8,447 (4,680) 338 (187) 9,211 (5,103) 
Harmon Lake 1 2170 (1250) 3,791 (2,184) 217 (125) 8,345 (4,806) 
Harmon Lake 2 10,288 (5,803) 12,778 (7,207) 996 (562) 16,760 (9,453) 
Harmon Lake 3 12,008 (6,676) 16,047 (8,922) 1,796 (998) 7,294 (4,056) 
Haugen 551 (299) 1032 (562) 69 (37) 8,403 (4,571) 
Hoffman Prairie 2,768 (1,606) 3,333 (1,933) 726 (421) 6,630 (3,846) 
Hogsback 390 (187) 394 (189) 0 (0) 2,184 (1,048) 
Larson Tweed 35 (19) 2,322 (1,254) 35 (19) 0 (0) 
Mallard Marsh 4,238 (2,373) 334 (187) 0 (0) 30,306 (16,971) 
Osmondson 36,200 (19,475) 28,727 (15,455) 0 (0) 6,622 (3,563) 
Pilot Knob 898 (501) 5151 (2874) 0 (0) 5,818 (3,247) 
Prairie Pothole 1 0 (0) 246 (140) 0 (0) 205 (117) 
Prairie Pothole 2 0 (0) 281 (160) 0 (0) 655 (374) 
Sandpiper 89 (50) 66 (37) 0 (0) 1,025 (578) 
Teal Basin 1,162 (655) 6,923 (3,905) 0 (0) 7,226 (4,075) 
Union Hills 1 1,052 (562) 5,083 (2,714) 175 (94) 3,505 (1,872) 
Union Hills 2 624 (337) 4,021 (2,171) 693 (374) 7,002 (3,781) 
Union Hills 3 597 (299) 1,226 (616) 0 (0) 373 (187) 
Union Hills 4 0 (0) 977 (562) 98 (56) 879 (505) 
Wild Goose 526 (304) 2,348 (1,357) 40 (23) 4,372 (2,527) 
Wood Duck 8,872 (4,773) 72,542 (39,028) 0 (0) 23,485  (12,635) 
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APPENDIX 7. 
 
Plant/coarse particulate organic matter (Plant/CPOM) abundance in each wetland.  Plant/CPOM was 
quantified as g dry weight per volumetric area sampled (g dry weight/m
3
), and per unit horizontal area 
(g dry weight/m
2
). 
Wetland  Plant/CPOM (g /m
3
) Plant/CPOM (g /m
2
) 
Bailey Creek 
 
1,740.98 901.83 
Bluewing 544.61 300.62 
C.A. Block 381.20 214.99 
Christianson Taylor 178.03 94.00 
County Home Farm 703.40 357.33 
Eagle Flats 699.91 339.33 
Elk Creek 610.73 348.12 
Gabrielson 261.40 145.86 
Gladfelter 1 57.28 32.62 
Gladfelter 2 32.37 16.96 
Gladfelter 3 662.94 343.40 
Good Neighbor 1 864.03 470.03 
Good Neighbor 2 926.23 503.87 
Hanlontown 602.54 333.81 
Harmon Lake 1 736.80 424.40 
Harmon Lake 2 554.01 312.46 
Harmon Lake 3 1,051.19 584.46 
Haugen 587.28 319.48 
Hoffman Prairie 850.61 493.35 
Hogsback 717.79 344.54 
Larson Tweed 716.05 386.67 
Mallard Marsh 390.17 218.50 
Osmondson 63.81 34.33 
Pilot Knob 1,074.88 599.78 
Prairie Pothole 1 1,144.50 652.36 
Prairie Pothole 2 1,134.83 649.16 
Sandpiper 473.01 266.78 
Teal Basin 575.07 324.34 
Union Hills 1 719.22 384.07 
Union Hills 2 549.98 296.99 
Union Hills 3 264.56 132.81 
Union Hills 4 515.83 296.60 
Wild Goose 482.20 278.71 
Wood Duck 270.98 145.79 
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APPENDIX 8. 
 
Plant percent cover, taxon richness, and taxa recorded in each wetland.  Taxa found in surveys of 
twenty five 1.0-m
2
 plots are indicated by “X”. Absence of a taxon does not mean it was absent from a 
wetland, but that it was not present in any survey plot.  
Wetland   Percent 
Cover 
Taxon 
richness 
Chlorophyta Chara Riccia Sphagnum 
Bailey Creek 
 
0.751 7 X    
Bluewing 0.599 8  X X  
C.A. Block 0.696 11 X X   
Christianson Taylor 0.342 6     
County Home Farm 0.894 7 X    
Eagle Flats 0.105 7 X    
Elk Creek 0.946 17 X X X X 
Gabrielson 0.884 11 X X   
Gladfelter 1 0.036 2     
Gladfelter 2 0.026 1     
Gladfelter 3 1.000 9     
Good Neighbor 1 0.930 12 X X   
Good Neighbor 2 1.000 13 X    
Hanlontown 0.948 11 X    
Harmon Lake 1 0.966 15 X    
Harmon Lake 2 0.972 9 X    
Harmon Lake 3 0.868 9 X X   
Haugen 1.000 8 X    
Hoffman Prairie 0.952 11  X   
Hogsback 1.000 7 X    
Larson Tweed 0.972 8 X X   
Mallard Marsh 0.796 9 X    
Osmondson 0.928 10   X  
Pilot Knob 0.996 8 X X   
Prairie Pothole 1 0.992 9 X X   
Prairie Pothole 2 0.504 11 X    
Sandpiper 0.952 11 X    
Teal Basin 1.000 14  X   
Union Hills 1 0.989 14 X    
Union Hills 2 0.996 9 X    
Union Hills 3 0.884 9 X    
Union Hills 4 0.912 12 X X   
Wild Goose 1.000 7 X    
Wood Duck 0.962 12 X    
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APPENDIX 8. continued 
 
Wetland  Alisma  Sagittaria  Ceratophyllum  Carex Eleocharis  
Bailey Creek 
 
  X   
Bluewing   X   
C.A. Block  X X   
Christianson Taylor   X   
County Home Farm   X   
Eagle Flats  X    
Elk Creek X X X  X 
Gabrielson  X X X X 
Gladfelter 1      
Gladfelter 2      
Gladfelter 3  X X   
Good Neighbor 1   X   
Good Neighbor 2   X   
Hanlontown   X   
Harmon Lake 1  X X  X 
Harmon Lake 2  X X   
Harmon Lake 3   X   
Haugen   X   
Hoffman Prairie  X X   
Hogsback  X X   
Larson Tweed      
Mallard Marsh   X   
Osmondson  X X   
Pilot Knob   X   
Prairie Pothole 1   X   
Prairie Pothole 2  X X X  
Sandpiper X    X 
Teal Basin  X X X X 
Union Hills 1  X X  X 
Union Hills 2  X X  X 
Union Hills 3  X X   
Union Hills 4  X X  X 
Wild Goose   X   
Wood Duck X    X 
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APPENDIX 8. continued 
 
Wetland  Bolboschoenus 
fluviatilis  
Scirpus sp. Myriophyllum Lemna minor 
Bailey Creek 
 
  X X 
Bluewing    X 
C.A. Block    X 
Christianson Taylor    X 
County Home Farm    X 
Eagle Flats    X 
Elk Creek X X  X 
Gabrielson    X 
Gladfelter 1 X   X 
Gladfelter 2     
Gladfelter 3   X X 
Good Neighbor 1  X X X 
Good Neighbor 2 X X X X 
Hanlontown X X X X 
Harmon Lake 1  X X X 
Harmon Lake 2   X X 
Harmon Lake 3   X X 
Haugen X   X 
Hoffman Prairie X X X X 
Hogsback    X 
Larson Tweed X X  X 
Mallard Marsh     
Osmondson X X  X 
Pilot Knob    X 
Prairie Pothole 1    X 
Prairie Pothole 2 X    
Sandpiper X X  X 
Teal Basin X X X X 
Union Hills 1 X   X 
Union Hills 2    X 
Union Hills 3 X   X 
Union Hills 4     
Wild Goose X    
Wood Duck    X 
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APPENDIX 8. continued 
 
Wetland  Lemna trisulca  Spirodela Wolffia Utricularia Najas 
Bailey Creek 
 
 X    
Bluewing X X    
C.A. Block  X   X 
Christianson Taylor  X   X 
County Home Farm     X 
Eagle Flats  X    
Elk Creek      
Gabrielson X X    
Gladfelter 1      
Gladfelter 2      
Gladfelter 3 X X    
Good Neighbor 1 X     
Good Neighbor 2 X  X   
Hanlontown X X X   
Harmon Lake 1 X X  X X 
Harmon Lake 2    X  
Harmon Lake 3  X  X  
Haugen   X   
Hoffman Prairie X X X X  
Hogsback   X   
Larson Tweed     X 
Mallard Marsh X  X  X 
Osmondson  X    
Pilot Knob X  X   
Prairie Pothole 1 X X   X 
Prairie Pothole 2 X X    
Sandpiper      
Teal Basin X X X   
Union Hills 1 X X X   
Union Hills 2 X X   X 
Union Hills 3 X X   X 
Union Hills 4 X X X  X 
Wild Goose X X    
Wood Duck X    X 
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APPENDIX 8. continued 
 
Wetland  Poaceae sp. Leersia Phalaris Polygonum  Potamogeton 
Bailey Creek 
 
  X  X 
Bluewing     X 
C.A. Block  X  X X 
Christianson Taylor   X  X 
County Home Farm   X  X 
Eagle Flats   X  X 
Elk Creek  X X  X 
Gabrielson   X  X 
Gladfelter 1     X 
Gladfelter 2     X 
Gladfelter 3     X 
Good Neighbor 1 X X X  X 
Good Neighbor 2  X X X X 
Hanlontown     X 
Harmon Lake 1  X   X 
Harmon Lake 2   X X X 
Harmon Lake 3     X 
Haugen  X X  X 
Hoffman Prairie     X 
Hogsback     X 
Larson Tweed   X  X 
Mallard Marsh  X   X 
Osmondson  X X  X 
Pilot Knob   X  X 
Prairie Pothole 1     X 
Prairie Pothole 2  X  X X 
Sandpiper X X X  X 
Teal Basin  X   X 
Union Hills 1  X  X X 
Union Hills 2   X  X 
Union Hills 3     X 
Union Hills 4     X 
Wild Goose     X 
Wood Duck X X X  X 
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APPENDIX 8. continued 
 
Wetland Ranunculus  Salix Sparganium Typha sp. 
Bailey Creek 
 
   X 
Bluewing    X 
C.A. Block   X  
Christianson Taylor     
County Home Farm  X   
Eagle Flats    X 
Elk Creek X  X X 
Gabrielson     
Gladfelter 1     
Gladfelter 2     
Gladfelter 3   X X 
Good Neighbor 1    X 
Good Neighbor 2    X 
Hanlontown    X 
Harmon Lake 1   X X 
Harmon Lake 2    X 
Harmon Lake 3    X 
Haugen     
Hoffman Prairie     
Hogsback    X 
Larson Tweed     
Mallard Marsh    X 
Osmondson   X  
Pilot Knob     
Prairie Pothole 1    X 
Prairie Pothole 2     
Sandpiper    X 
Teal Basin     
Union Hills 1  X  X 
Union Hills 2     
Union Hills 3     
Union Hills 4    X 
Wild Goose    X 
Wood Duck  X X  
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APPENDIX 9. Water chemistry and invertebrate sampling data sheet. 
 
 
Date:__________________Time:____________Weather:________________________ 
Lake:______________________________________ 
 
Location:__________________________________ 
Temperature:_________/_________/________ 
pH:___________/______________/____________                   Depth of invert sampler: 
Dissolved Oxygen:_________/_________/________ 
Conductivity:___________/___________/________ 
Turbidity:__________/___________/____________                   ________________cm 
 
Location:__________________________________ 
Temperature:_________/_________/________ 
pH:___________/______________/____________ 
Dissolved Oxygen:_________/_________/________ 
Conductivity:___________/___________/________ 
Turbidity:___________/_____________/__________                 _________________cm 
 
Location:__________________________________ 
Temperature:_________/_________/________ 
pH:___________/______________/____________ 
Dissolved Oxygen:_________/_________/________ 
Conductivity:___________/___________/________ 
Turbidity:________/_____________/___________                     _________________cm 
 
Location:__________________________________ 
Temperature:_________/_________/________ 
pH:___________/______________/____________ 
Dissolved Oxygen:_________/_________/________ 
Conductivity:___________/___________/________ 
Turbidity:_________/______________/___________                 _________________cm 
 
Location:__________________________________ 
Temperature:_________/_________/________ 
pH:___________/______________/____________ 
Dissolved Oxygen:_________/_________/________ 
Conductivity:___________/___________/________ 
Turbidity:___________/_______________/________                 _________________cm 
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APPENDIX 10. Vertebrate data collection sheet. 
 
Date:_________________________________ 
Lake:_________________________________ 
Total Biomass:_________________________ 
 
Mini-fyke Nets: 
Species Number Biomass 
   
 
Species Number Biomass 
   
 
Species Number Biomass 
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APPENDIX 10. continued 
 
 
Regular-fyke Nets: 
 
 
Species Number Biomass 
   
Species Number Biomass 
   
Species Number Biomass 
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APPENDIX 11. Plant sampling data collection sheet. 
 
Wetland:                                      Date:                                          Transect # (of 5)                            
Plot # Plot location (on 
scale of 0 -100% 
from transect 
origin) 
Depth (cm) Zone (E = 
emergent, O 
= open 
water) 
% cover (total 
across taxa) 
% cover by 
taxon 
    
     
     
 
Wetland:                                      Date:                                          Transect # (of 5)                            
Plot # Plot location (on 
scale of 0 -100% 
from transect 
origin) 
Depth (cm) Zone (E = 
emergent, O 
= open 
water) 
% cover (total 
across taxa) 
% cover by 
taxon 
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APPENDIX 12. Invertebrate identification tally data sheet. 
Taxon Count 
Phylum: Cnidaria 
Hydridae 
1111111111111111111111111111111111111111bbbbbbbbbbbbb 
 
Phylum: 
Platyhelminthes 
Class: Turbellaria 
 
11ggvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvnnnnnnnnnnnnn 
 
Phylum: Nematoda  
Phylum: Mollusca 
Class: Gastropoda 
Lymnaeidae 
Physidae 
Planorbidae 
11ggvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvnnnnnnnnnnnnn 
11ggvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvnnnnnnnnnnnnn 
 
 
 
Class: Bivalvia 
Pisidiidae 
11ggvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvnnnnnnnnnnnnn 
 
Phylum: Annelida 
Class: Oligochaeta 
Class: Euhirudinea 
11ggvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvnnnnnnnnnnnnn 
 
 
Phylum: Arthropoda 
Class: Arachnida 
Order: 
Acariformes 
11ggvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvnnnnnnnnnnnnn 
11ggvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvnnnnnnnnnnnnn 
 
Order: Collembola 
Istommidae 
11ggvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvnnnnnnnnnnnnn 
 
Order: 
Ephemeroptera 
Baetidae 
Caenidae 
11ggvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvnnnnnnnnnnnnn 
 
 
Order: Odonata 
Aeshnidae 
Libellulidae 
Calopterygidae 
Coenagrionidae 
Lestidae 
11ggvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvnnnnnnnnnnnnn 
 
 
 
 
 
Order:Trichoptera 
Leptoceridae 
Phryganeidae 
11ggvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvnnnnnnnnnnnnn 
 
 
Order: Hemiptera 
Belostomatidae 
Corixidae 
Notonectidae 
Pleidae 
Veliidae 
11ggvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvnnnnnnnnnnnnn 
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APPENDIX 12. continued 
 
Order: Coleoptera 
Chrysomelidae 
Dytiscidae 
Gyrinidae 
Haliplidae 
Hydrophilidae 
11ggvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvnnnnnnnnnnnnn 
 
 
 
 
 
Order: Diptera 
Ceratopogonidae 
Chaoboridae 
Chironomidae 
Stratiomyidae 
Tabanidae 
11ggvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvnnnnnnnnnnnnn 
 
 
 
 
 
Class: Malacostraca 
Order: Amphipoda 
Order: Decapoda 
11ggvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvnnnnnnnnnnnnn 
 
 
Order: Isopoda  
Asellidae 
11ggvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvnnnnnnnnnnnnn 
 
Class: Ostracoda  
Class: Branchiopoda 
“Cladocera” 
“Conchostraca” 
11ggvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvnnnnnnnnnnnnn 
 
 
Class: Maxillopoda 
Order: Calanoida 
Order: Cyclopoida 
Order: 
Harpacticoida 
11ggvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvnnnnnnnnnnnnn 
 
 
 
Other:  
Other:  
Other:  
Other:  
Other:  
Other:  
Other:  
Other:  
Other:  
Other:  
Other:  
Other:  
Other:  
Other:  
Other:  
Other:  
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APPENDIX 13. CPOM data collection sheet 
Tin boat # Site Name Boat Weight (g) Boat +Dry Plants Weight (g) 
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APPENDIX 14. Invertebrate biomass (dry weight and AFDW) data collection sheet. 
 
 
 
 
Crucible 
# Site Name 
Sample 
Type 
Crucible 
Weight (g) 
Crucible + Dry 
Weight (g) 
Crucible + Ashed 
Weight (g) 
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
